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Summary 
 
Despite potentially diverging interests, members of social groups coordinate to maintain group 
cohesion. The mechanisms and processes of group coordination are modulated by species- and 
context-specific factors. The genus Papio (baboons) has been proven to be a good model for the 
investigations of group coordination processes. It comprises six closely related species, which 
live in different habitats and social systems. Since baboons are adapted to a largely terrestrial 
life and occur in habitats similar to those where our hominin ancestors evolved, group 
coordination processes in baboons might be also a model for group coordination in our 
ancestors, when language was not yet at hand. In particular the multilevel social organization of 
baboons potentially offers parallelisms with group coordination patterns in the multilevel 
human society. 
My project aimed to cover the missing knowledge about the patterns of group 
coordination in wild Guinea baboons and discuss results in a comparative perspective. Guinea 
baboons live in a multilevel society, with high socio-spatial tolerance and no linear dominance 
hierarchy among males. The basal level of the society is the reproductive unit, which consists of 
one adult male (“primary male”) with one or more affiliated adult females. Several units 
aggregate in a party, which includes also adult males without affiliated females (“non-primary 
male”). Two or three parties form a gang. I focused on the coordination process during group 
departures from a stationary state and while the group is “on the move”, during group travel 
progressions. Specifically, the first goal was to explore who influences timing and direction of 
group departures. Research on other baboon species, living in various social systems, revealed a 
preeminent but not exclusive role of adult males during group departures, irrespective of the 
social system. Therefore, Guinea baboon adult males were expected initiating group departures 
and succeeding more than females as found in other baboon species. Alternatively, because of 
the relative tolerant nature of this species, both sexes might have a more equal influence on the 
coordination process compared to other baboon species. The second goal was to understand 
whether the presence of two levels of social organization in the group (unit and party) affects 
the coordination process in departures and progressions. In the multilevel system of Guinea 
baboons, individuals may need to balance the interest of maintaining spatial cohesion with 
members of their subgroup with overall group movement of larger social entities. Therefore, 
 11 
 
members of the same unit were expected to move cohesively within the party both during 
group departures and group progressions. The third goal was to describe the order of group 
members during travel progressions. Studies on group progressions of travelling baboons 
generally conveyed that adult males take position mainly at the front and, to a lesser extent, the 
rear of the travelling group, while females and juveniles occupy more often central positions. 
This order has been interpreted as an adaptation to predation risk, with the most risky positions 
at group edges. Given a similar predation pressure for Guinea baboons, they were expected to 
show a similar pattern of progression order as other baboon species. 
Research results show that young baboons almost never attempted an initiation of 
group departure and adult males attempt initiations of group departures more often than adult 
females. This suggests that adult males have a higher influence on the decision outcome, but 
that adult females can still have an impact. Interval times of dyads of individuals belonging to 
the same unit were significantly shorter than the interval times between individuals not 
belonging to the same unit, both during group departures and group progressions. This means 
that individuals aim to keep proximity firstly with their unit members and secondly with the 
other party members. During group progressions, adult male Guinea baboons tend to travel 
occupying front positions, whereas middle positions are taken more often by adult females and 
young individuals. Positions at the rear of the group were equally taken by individuals of all 
age/sex classes. Primary males, in contrast to non-primary males, tended to keep position closer 
to the centre where their females and offspring were. Non-primary males travelled more 
frequently at the edges of travelling groups. 
Taken together, these findings conform to a general consistency across baboon species 
in the group coordination processes, despite different social and ecological contexts. As a result, 
the basic mechanisms underlying coordination processes emerged already in the baboon 
common ancestor, or even earlier in primate history. Major determinants of the processes of 
group coordination appear to be social dominance, feeding opportunities, predation pressure 
and body features (e.g., body dimension and weight, canines). 
My study, as others, revealed several theoretical and empirical issues when analysing 
group coordination in wild animals. One problem concerns the complexities of potentially 
influencing factors on group coordination during collective movements. To resolve this problem, 
I suggest to (i) conduct comparable studies on related species to better point out the effect of 
few potentially influencing factors; (ii) conduct experiments to control the effect of potential 
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influencing factors on the coordination process (e.g., modifying food access); (iii) strengthen 
automated data collections of small scale movements (e.g., remote sensing, GPS); (iv) simulate 
group coordination during collective movement (e.g., agent-based modelling); (v) include 
anecdotal observations. Another problem regards some assumptions at the basis of most 
hypotheses and discussions about group coordination during collective movements in primates. 
Precisely, group movements are assumed to involve firm individual interests across events. 
These individual interests are driven by the individual fitness and set selection pressure on the 
system. However, this assumption of firm individual interests may not be always justifiable. In 
many situations different forms of group coordination could lead to the same impact on 
individual fitness, i.e. the basic requirements of group members will be satisfied, irrespective of 
the processes of group coordination. Ideally, it is required a distinction between group 
coordination processes under conditions of markedly divergent individual interests to those not 
under such conditions. I suggest a distinction between group departures from the sleeping site 
and other group departures during the whole day as a first step toward this purpose. 
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1. Introduction 
 
1.1. Group Coordination 
Living in groups is widespread among animal species. In other words, animals of several species 
seek for proximity in space and time with con- or heterospecifics at least at certain times of their 
life (Krause and Ruxton, 2002). Many different types of grouping patterns have evolved. The 
theoretical categorization of these grouping patterns derives from the kind of interaction 
between group members (de Waal and Tyack, 2003). In some species, conspecific individuals 
form anonymous groups, in which the members do not necessarily individually recognize each 
other. Hence, unknown conspecific individuals can join and leave the group. This shift of 
members can encompass hundreds or even thousands of individuals (e.g., migratory bands of 
desert locusts, Schistocerca gregaria, Bazazi et al., 2008; flocks of European starlings, Sturnus 
vulgaris, Ballerini et al., 2008; or white storks, Ciconia ciconia, Nagy et al., 2018; or shoals of 
Atlantic herrings, Clupea harengus, Pitcher et al., 1985; or three-spined sticklebacks, 
Gasterosteus aculeatus, Jolles et al., 2017; Tinbergen, 1953). In other species, animals live in 
groups in which they individually recognize each other. Keeping track of the identity of the other 
group members translates into structuring social systems or societies. Here, group members 
interact regularly and more so with one another than with other conspecifics (e.g., majority of 
primate species, Kappeler and van Schaik, 2002, Kappeler, 2019). In contrast to anonymous 
groups, these groups are also addressed as individualised. This dichotomy between anonymous 
and individualised groups is complicated by other types of group living. For example, some social 
species form very large colonies of close kin group members which do not appear to individually 
recognize each other. However, they chemically distinguish between their group members and 
other conspecifics (e.g., social hymenoptera, Tofts and Franks, 1992). A further group category is 
heterospecific groups. Members of these, often temporary, groups belong to different species 
(e.g., fish, birds, ungulates, primates, cetaceans, Stensland et al., 2003; Heymann, 2011). 
Despite this diversity of grouping patterns and processes, the essential prerequisite for 
grouping is a certain degree of proximity, or cohesion, in space and time among the individuals 
that form the group (Krause and Ruxton, 2002). This cohesion involves a balance of benefits and 
costs for the individual fitness of group members. This balance of benefits and costs varies 
across species and shapes the grouping pattern that the species follows. On one side, group-
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living can potentially increase opportunities for mating, foraging from food resources found by 
others, saving energy during travel (e.g., positive hydro- or aerodynamic interactions), detecting 
or fighting predators more efficiently, cooperating for a broader spectrum of resources or 
promoting cultural transmission (Krause and Ruxton, 2002; Boos et al., 2011). On the other side, 
spatio-temporal cohesion between individuals means easier transmission of pathogens and 
higher competition for food resources or mating partners (Krause and Ruxton, 2002; Boos et al., 
2011). Group coordination, i.e. the coordination among individuals in activities and travel 
directions, is the means to preserving cohesion within a mobile group of animals. An efficient 
group coordination, that is to say accurate and fast, is a key factor to maximize the advantages 
and minimize the costs of group-living, with a consequent impact on the adaptive power of 
group-living (King and Cowlishaw, 2009a; Herbert-Read, 2016). 
 
1.1.1. Collective movements to study group coordination 
How group members coordinate has always been an interesting aspect of animal behaviour. 
Already the founding fathers of ethology took interest in group coordination. As far back as in 
1931, Konrad Lorenz described the attempt of a western jackdaw (Corvus monedula) to 
coordinate with its group members to change location. The strategy of the jackdaw was to 
monitor whether the other group members were following while it was taking off. If the others 
do not follow, the flying individual either comes back to them and stays or it tries to elicit their 
departure by returning and gliding low over them while quickly shaking its tail (Lorenz, 1931). 
Just like jackdaws, most group-living species have to move to reach resting and feeding sites, 
avoid predators or defend territories on a daily basis. Due to their everyday occurrence in a wide 
range of animal species, collective movements have been the most common model of collective 
actions to investigate group coordination in animal groups (Petit and Bon 2010; Fichtel et al., 
2011). A definition of collective movement (or group movement) is “the outcome of a group of 
animals that depart and move nearly simultaneously in the same direction, preserving group 
cohesion until all individuals stop moving or start a different activity” (Petit and Bon, 2010). 
During the movement, in order to maintain group cohesion, each group member has to shape 
its decisions according to the behaviours of and interactions with the other group members, 
either directly (e.g., via visual cues) or indirectly (e.g., via trail formation) (Westley et al., 2018). 
Various ecological (e.g., predator presence, resource distribution), physiological (e.g., 
nutritional or homeostatic needs) and social factors (e.g., dominance rank, affiliative and kin 
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relationships) may influence the coordination process (see content 1.2., 1.4.2.). Additionally, the 
process may involve complex mechanisms, such as information exchange and negotiation (see 
content 1.4.1.). Since these factors and mechanisms may be subtle, a human observer can face 
methodological problems to detect and interpret them. Moreover, there may be theoretical 
problems in outlining such a complex process as animal group coordination (Conradt and Roper, 
2005; King and Cowlishaw, in 2009a; King et al, 2009; Bourjade and Sueur, 2010; Petit and Bon, 
2010; Pyritz et al, 2011; Smith et al., 2016; Garland et al, 2018). Examples of these problems are 
the investigation of consensus decision-making (see content 1.4.1., 1.4.1.1., 1.4.1.2.) or the 
definition of leadership (see content 1.6.). These complexities have been addressed by many 
studies regarding the emergence of collective movements from individual movements, in a large 
number of species, both in the wild and in captivity, inspiring also theoretical models (King et al., 
2018). 
 
1.2. Theoretical and empirical approaches to the study of group coordination 
Theoretical models simulating collective behaviours have demonstrated that many of the 
patterns seen in nature can be qualitatively replicated involving only simple rules of thumb, such 
as attraction, alignment and repulsion between neighbouring individuals (Czirok et al., 1997; 
Couzin et al., 2002; Giardina, 2008; Czaczkes et al., 2015). These collective behaviours arise 
through self-organization, since the emergent global order, which is the coordination between 
group members, occurs spontaneously as a sum of local interactions (Couzin and Krause, 2003). 
A self-organized collective behaviour theoretically requires only limited cognitive ability and 
local knowledge of the environment and this minimum complexity at the individual level 
generates major complexity (King et al., 2018). Self-organization appears as a parsimonious way 
to explain coordinated movements in many species, especially those that form aggregations of 
hundreds or thousands of animals whose individual recognition is usually not evident. Several 
empirical studies reported that self-organization emerged as major path to group level patterns 
in several species groups, including: gregarious insects (e.g., German cockroaches, Blatella 
germanica, Deneubourg et al., 2002; desert locusts, Bazazi et al., 2008), schooling fish (e.g., 
three-spined sticklebacks, Jolles et al., 2017), flocking birds (e.g., European starlings, Ballerini et 
al., 2008), and also some mammals, whose groups are usually smaller and where individual 
recognition is evident (e.g., herds of domestic sheep, Ovis aries, Toulet et al., 2015; or troops of 
chacma baboons, Papio ursinus, King et al., 2011). Therefore, these theoretical models have 
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remarkably contributed to the comprehension of the general patterns of group movements and 
the origins of such patterns. However, their simplicity calls into question the universality and the 
extent of the applicability of self-organization to natural systems (Ballerini et al., 2008; Pyritz et 
al., 2010). Most theoretical models to simulate collective behaviour hinge on simple 
assumptions that often differ significantly from the characteristics of moving animal groups 
(King et al., 2018). 
First, these models usually assume that individuals directly react to the relative locations 
of other group members, whereas the information perceived by the individual and used to make 
decision is constrained by its sensory capabilities. Species-specific sensory capabilities 
potentially result in differences between species in the rules involved to make decisions at the 
individual level and in the transmission of information through the group (Strandburg-Peshkin et 
al., 2015b; Strandburg-Peshkin, 2016). 
Second, the coordination during group movements often takes place within a social 
system. Living in a stable social system likely leads to heterogeneous social relationships and to 
differentiated responses between group members. Especially in cases of species with higher 
cognitive abilities, group members may develop highly distinct individual interests contingent 
with the individual’s own characteristics, such as age, sex, social rank, personality traits and/or 
internal state (Lukas and Clutton-Brock, 2018; Fichtel et al., 2011). In this context, the 
characteristics of the individuals and the social system can drive to more complex patterns of 
coordination during group movement. Individual movement rules may depend on the individual 
interests and characteristics. For example, lactating plain zebra females (Equus burchellii) are 
more likely to initiate collective movements than non-lactating females (Fischhoff et al., 2007), 
less social and faster three-spined sticklebacks are more influential on group movement (Jolles 
et al., 2017) and a group movement of shy American cockroaches (Periplaneta americana) to a 
shelter is faster than a group movement of bolder individuals (Planas-Sitjà et al., 2018). In 
addition, the kind of relationship between the group members may shape the individual’s 
movements (e.g., one individual may decide to follow or not the movement of a group member 
depending on whether it is dominant or subordinate). In one study on black-and-white ruffed 
lemurs (Varecia variegata), group stability seems to determine whether certain individuals are 
consistently initiating group movement. A dominant female of a stable group initiated collective 
movements more often, but no individual consistently did so in an unstable group (Overdorff et 
al., 2005). 
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Third, group movements take place in different ecological contexts and heterogeneous 
habitats, which may affect individual movements and the emerging group pattern (Bonnell et 
al., 2019). The characteristics of a group movement can differ depending, for example, on the 
cause, i.e. whether the behaviour is a response to a predator attack or a physiological need 
(feeding, resting, etc.). They can vary in the view of the number of available sites to address a 
need. Also, they can change conditionally to the environmental barriers that might hinder the 
movement, the visual contact or the communication of group members (Bourjade et al., 2009; 
King and Cowlishaw, 2009b; Dostie et al., 2016; Strandburg-Peshkin et al., 2017). These aspects 
can set a crucial distinction between studies on captive and wild groups. Moving in small areas 
as compared to natural home ranges, the absence of predators and ad libitum food may 
contribute to a lack of ecological relevance and external validity for studies of group 
coordination on captive animals (Pyritz et al., 2010). 
Fourth, the behavioural patterns involved for achieving or maintaining the coordination 
during group movements may differ according to the coordination context considered (King and 
Sueur, 2011). Many studies focus on the collective transitional phase between a stationary 
condition and a moving condition: the group “making the move” or the group departure. In 
these studies, data collection focuses on the order of group members departing (e.g., Sueur et 
al., 2017; Ramos et al., 2018), stressing the individual which moves off first, shaping what, by 
definition, can be regarded as an initiation of group movement. Often this research includes 
data on the behaviours occurring during and some minutes prior to departure, during a period 
known as “pre-departure” period (e.g., Bourjade et al., 2009; Bousquet et al., 2011; Walker et 
al., 2017). The behaviours shown during pre-departure, the number of individuals involved as 
well as the duration of the period may influence the group departure (Bourjade and Sueur, 
2010). Some studies focus on the consequent phase, the group already “on the move” or the 
group progression, investigating which individuals establish where to go while progressing, 
and/or which position group members take within the moving group. The investigation usually 
concerns an analysis of the individuals ahead of the group across events, assuming that they are 
driving the other group members to a destination (e.g., Thornicroft’s giraffes, Giraffa 
camelopardalis thornicrofti, Berry and Bercovitch, 2014; killer whales, Orca orcinus, Brent et al., 
2015), or an analysis of the whole order of progression, aiming to understand the drivers for the 
optimal individual positions (Morrell and Romey, 2008) during collective movements (e.g., 
single-file progressions in baboons, Papio sp., Rhine and Tilson, 1987). A newer approach of 
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analysis of groups on the move consists in extracting successful and failed initiation attempts at 
the dyadic level, from variations in inter-individual distances automatically calculated at short 
time periods, with new biologging methods (e.g., Strandburg-Peshkin et al., 2015a). Fewer 
studies focus on the ending phase. Pyritz and colleagues (2011b) stated that, theoretically, 
group members may face a second consensus decision about where to stop. This second 
decision may be independent and different from the decision during initiation. In these studies, 
the mechanisms underlying a collective movement are investigated by collecting data on the 
order of individuals changing from a moving condition to a stationary condition and their 
behaviours once the group movement stops (e.g., Dubuc and Chapais, 2007; Barelli et al., 2008; 
King et al., 2008). 
Therefore, empirical data on group-living animals appears to be a crucial quantitative 
guideline for comprehending how the complexity of real systems influences the patterns of 
collective movement. Due to all these variations, a more inclusive comprehension of group 
coordination processes derives from the combination of the outcomes of theoretical studies 
with the results from empirical studies, especially those focusing on the whole course of 
collective movements taking place within the natural environment in which the groups live 
(Pyritz et al., 2010, 2011b; King et al., 2018).  
 
1.3. Primate social groups as models to empirically study group coordination 
Specifically, to integrate novel knowledge regarding how social species reach coordination, it is 
important to study group-living species that: (i) occupy diverse habitats, which vary in resource 
abundance, climatic seasonality and predation risk, (ii) have higher cognitive abilities, which 
generally imply highly diversified individual characteristics, internal states and interests, and (iii) 
live in stable social systems and develop heterogeneous social relationships. The order of 
primates, including more than 600 species and subspecies (Mittermeier, 2013), fulfils these 
requirements. Primate species (i) live in a wide range of habitats, from tropical rain forests to 
temperate mountain forests and semi-deserts, (ii) their brain size in relation to their body 
dimension is larger than in other mammals and vertebrates, suggesting sophisticated cognitive 
abilities, and they (iii) exhibit a “stunning diversity” of social systems (Kappeler and van Schaik, 
2002, p. 708) as compared to most other vertebrate taxa (Fichtel et al., 2011). This social 
diversity involves all four aspects of a social system: social organization, social structure, mating 
system and offspring care system (Kappeler, 2019). The social organization of primate species 
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varies in size (from solitary to several hundred individuals), sexual composition (the most basic 
dichotomy being between single and multimale societies) and spatiotemporal cohesion of the 
group (unilevel societies, fission-fusion societies and multilevel societies), with the large 
majority of primates living in groups with ≥3 adults of both sexes. Primates also vary across 
species in social structure, i.e. the frequency, intensity and nature (affiliative or agonistic) of 
social interactions and the resulting dyadic relationships between the members of a society (the 
most basic dichotomy being between despotic and tolerant societies). The mating system, which 
describes the interactions of mating couples, varies across species too. Four fundamental mating 
system types are distinguished: monogamy, polyandry, polygyny and polygynandry. Lastly, the 
offspring care system is mostly bi-parental with mothers being the primary infant caretakers, 
but the exceptions are several, especially in small-sized primates where paternal or alloparental 
carrying of the infant is preeminent over the maternal one (Wright, 1990; Kappeler and van 
Schaik, 2002; Schülke and Ostner, 2012; Kappeler, 2019). 
This large interspecific variability also regards closely related species. Comparing species 
with high genetic relatedness permits to control confounding variables, like physiological, 
ecological or behavioural differences, and to explore the links between the fewer ecological or 
social adaptive differences and their consequences within each considered species (Lee, 1999). 
Such interspecific comparisons consequently allow to best infer the general behavioural 
mechanisms used for maintaining group cohesion and solving conflicts of interest in collective 
action of cognitively sophisticated species. As a result, studying collective movements in 
primates not only permits to deepen our understanding about how individuals with distinct 
interests coordinate, but it promises new insights into interesting behavioural variations in the 
social component of group movements. Hence, it also contributes to the comprehension of how 
mechanisms of group coordination have evolved in complex social systems like our own (Boos et 
al., 2011). 
 
1.4. How collective movements begin 
As mentioned above, the study of group movements can be addressed focusing on different 
coordination contexts (the departure, the progression and the termination of a group 
movement), depending on the aspect of group coordination that we are interested in and on 
the operational conditions for data collections. To address questions regarding how group 
coordination arises from individual decisions despite individual conflicting interests, most 
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studies have focused on individuals that start moving during group departures. For the group to 
depart and begin a collective movement, each group member has to make a decision between 
two or more alternative behaviours and to move nearly synchronically in the same direction of 
the other group members (King and Sueur, 2011). A group level outcome may be challenging 
when group members have different preferences of action. In a group of primates, individual 
interests tend to be heterogeneous. For instance, an old male, a growing juvenile or a lactating 
female usually differ in overall activity budgets and foraging strategies, like the time spent 
feeding or the type of food eaten (e.g., Boinski, 1991; Erhart and Overdorff, 1999). De facto, at 
least some group members face the choice of either accepting an individually sub-optimal 
outcome to stay cohesive with their group (i.e. consensus cost, Conradt and Roper, 2003, 2005), 
or splitting from the other individuals and losing the advantages of group life (Strandburg-
Peshkin et al., 2018). In such circumstances, “group members choose between two or more 
mutually exclusive actions to reach a consensus on the group level” (Pyritz et al., 2011b, p. 
1270). This process is defined as consensus decision-making. Implying the potential choice for 
individually sub-optimal options, consensus decision-making affects the ability of group 
members to efficiently exploit resources in their habitat, with a consequent potential impact on 
their fitness (Herbert-Read, 2016; Strandburg-Peshkin et al., 2018). The understanding of the 
consensus decision-making, that is to say discovering how individual knowledge, traits and 
preferences are weighed within the group, is theoretically framed according to the influence of 
the individual group members on the decision outcome. Studies quantifying individuals' 
contribution to group decision outcomes usually investigate (i) the order of departing individuals 
across departure events, presuming that individuals initiating the movement have a preeminent 
influence in establishing the direction and time of the group departure, or they investigate (ii) 
how individuals express intentions, exchange information and negotiate during the whole 
process of group departure, pre-departure included, or they investigate both aspects. 
 
1.4.1. How to investigate consensus decision-making 
Since group members are expected to preserve cohesion, if an individual is moving away from 
the others, it is either followed or it will soon return to the group. Hence, in a large number of 
studies about group departures, the first individual moving away from the other group members 
is interpreted as attempting to initiate the departure of the group. When an individual attempts 
to initiate a group departure, it is often intuitively assumed to be an individual potentially 
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capable of influencing the behaviour of others. The attempt can be successful or not, depending 
on whether all group members are following or not. The successful individual is the one actually 
followed by all group members and is supposed to be the individual that influences most the 
outcome of consensus decision-making, i.e. the direction and time of group departure. If the 
same individual consistently initiates across group departure events, it is indicated as potentially 
the only group member influencing the consensus decision outcome. If more individuals of the 
same group initiate group departures, it is suggested that more group members can influence 
the consensus decision outcome. As a result, studies regarding group decision-making 
commonly investigate the order of departing individuals. Often the focus is only on the identity 
of the individuals attempting an initiation of a group departure and of those successful (e.g., Van 
Belle et al., 2013; Lee and Teichroeb, 2016). However, this interpretation of the first individual 
moving in group departure and the identification of successful initiators may not tell the whole 
story. For example, individuals may initiate because of particular internal states, such as higher 
nutritional requirements, whereas their capacity to influence the decision outcome might be 
equivalent to one of the other group members. 
Another common way to investigate consensus decision-making hinges on the analysis 
of the communicative means involved in a group departure. The decision-making to reach 
consensus among group members potentially implicates information exchange and negotiation 
during the pre-departure period and following departure (King and Cowlishaw 2009a; Fischer 
and Zinner, 2011). Individuals express intentions, exchange information and negotiate through 
communication, meaning that an individual emits signals and/or gives cues which are received 
and processed by one or many recipient individuals. The adaptive value of this information 
transfer allowed the ability to detect signals and cues to be evolutionarily selected (Scott-
Phillips, 2008). Signals are structures or behaviours with the main function of transmitting 
information. In the context of a group departure, some studies described behaviours like pauses 
and back glances, in the course of the move away, as either recruitment signals to solicit the 
other individuals to follow or behaviours to monitor the rest of the group (e.g., in rhesus, 
Macaca mulatta, and Tonkean macaques, Macaca tonkeana, Sueur and Petit, 2010; in chacma 
baboons, King et al., 2011; in Barbary macaques, Macaca sylvanus, Seltmann et al., 2016). Other 
studies described ritualized greetings as a way to negotiate direction and timing of group 
movements (e.g., in hamadryas baboons, Papio hamadryas, Kummer, 1968a, 1995). Some 
others described vocalizations as a means to indicate readiness to leave or the trajectory of a 
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collective movement (e.g., in white-faced capuchins, Cebus capuchinus, Boinski, 1993; in 
mountain gorillas, Gorilla beringei beringei, Stewart and Harcourt, 1994; in chacma baboons, 
Fischer and Zinner, 2011), or branch shaking displays as behaviours to elicit or negotiate a 
collective departure (e.g., in Barbary macaques, Mehlman, 1996). Alternatively or concurrently 
to signals, information can be transferred by cues, meaning features or behaviours reflecting the 
physiological or morphological state of an individual and received and processed by recipient 
group mates (Scott-Phillips, 2008; Fischer and Zinner, 2011). For example, a number of studies 
suggested that the individuals responded to the cue of another group member moving off 
following the movement (e.g., in chacma baboons, Stueckle and Zinner, 2008; King et al., 2011). 
However, the understanding of communicative means can be problematic for a researcher. The 
potential sources of misinterpretation are numerous. For instance, the information transfer may 
occasionally fail, the social environment may shape the occurrence of a communication 
behaviour (e.g., group size may influence the call rate, Fischer and Zinner, 2011) or the 
informational account of the same behaviour may vary according to local conditions that may 
not be obvious to the human observer (e.g., vocalizing more in densely vegetated habitats than 
in open ones, Cheney and Seyfarth, 1996; Ey et al., 2009). 
Therefore, the analyses of the order of departing individuals and of the communicative 
means involved during a group departure are two ways to investigate consensus decision-
making. A study integrating both of them, on principle, allows a better understanding of the 
influence of individual group members on the decision outcome. 
 
1.4.1.1. Unshared consensus decision-making to depart 
The investigation of consensus decision process leads to results that are framed within one of 
two possible scenarios. One of them sees a single individual with a disproportionate influence 
on consensus decisions, meaning that all the other members follow its decisions in an unshared 
group decision-making (Conradt and Roper 2005, 2009; Pyritz et al., 2011b). In this scenario, 
group members need to regularly monitor the actions of one individual, the decision maker 
(usually the most dominant), and the collective behaviour emerges without invoking more 
complex decision-making abilities, such as expressing preferences and weighing them within the 
group (Conradt and Roper, 2005). 
In primates, an unshared consensus for collective movement is rare. Mountain gorillas 
(Gorilla beringei beringei) are one of the most cited cases. This species lives in small groups 
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(average: 12.5 individuals) of both sexes, with usually only one adult male considerably 
outweighing the other individuals, the silverback (Gray et al., 2013). Home ranges are 
undefended and largely overlapping. During group movements, the silverback consistently 
heads in the direction of the prospective movement and the other group members have no 
choice but to quickly move to preserve group cohesion (Watts, 2000). 
On one side, an unshared decision-making conceptually appears faster and may require 
simpler cognitive abilities; on the other side, it seems less beneficial to the group. Unshared 
decisions can be disadvantageous to the group, in terms of the low proportion of individual 
interests satisfied, and even to the decision-maker, in case it is badly informed (Franks et al., 
2003). Modelling fitness consequences showed that unshared decision-making only pays other 
members when the group is small and the variation of individual information is large, even when 
the most socially powerful individual is the most experienced group member (Conradt and 
Roper, 2003). These results are concordant with results for some human societies (e.g., 
Glowacki and von Rueden, 2015). Since negotiation and signalling behaviours are not obvious in 
non-humans, especially in the past, some studies tend to “a priori” identify the dominant 
individual as the decision-maker in the group movement context (Conradt and Roper, 2005). 
However, gorillas and other similar cases of what it was generally considered unshared 
consensus have nowadays been associated with some form of shared communication to 
negotiate or facilitate the coordination. De facto, all group members of a group of mountain 
gorillas seem to assess their readiness to depart through an increase in grunt vocalizations, 
which is followed by visual and auditory information by the silverback about its location, 
intention to move and movement direction (Stewart and Harcourt, 1994; Watts, 2000). These 
considerations question the existence of a pure expression of unshared decision-making process 
to coordinate a collective action (Sueur and Petit, 2008a; Bourjade and Sueur, 2010; Fischer and 
Zinner, 2011). 
 
1.4.1.2. Shared consensus decision-making to depart 
Results can also lead to the second scenario, which sees the conflicts of interests resolved by a 
shared decision-making. In this case, several (partially shared) or all (equally shared) group 
members contribute to the decision outcome. In either partially or equally shared processes, a 
negotiation phase including signalling behaviours is usually required (Kummer, 1968, 1995; Leca 
et al., 2003; Bourjade and Sueur, 2010; Fischer and Zinner, 2011). This pooling of information 
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among group members tends to produce less extreme outcomes and to increase the accuracy of 
the decision, a phenomenon also called “wisdom of crowds” (Sumpter et al., 2008; Conradt and 
Roper, 2009; Conradt, 2011). Since the consensus decision proves to be more accurate and 
overlaps with a larger portion of individual interests (Fischer and Zinner, 2011), shared decision-
making processes are, at least theoretically, more beneficial for group members than accepting 
unshared decisions made by a single individual (Conradt and Roper 2007, Berdhal et al., 2013). 
Shared consensus decisions are common in primates. Numerous studies about group 
coordination in primate groups revealed influencing factors that tend to affect the patterns of 
group departures. In many primates, such as squirrel monkeys (Saimiri oerstedi, Boinski, 1991), 
Barbary macaques (Seltmann et al., 2013) or vervet monkeys (Chlorocebus pygerythrus, Lee and 
Teichroeb, 2016), adult, supposedly more experienced, individuals initiate collective movements 
more often than juveniles. Two other examples of shared consensus decisions come from 
lemurs. Red-fronted lemurs (Eulemur rufifrons) live in small groups with philopatric females and 
a relatively egalitarian social structure. Adult female red-fronted lemurs attempt to initiate 
group movements more often but with the same recruitment success than males (Pyritz et al., 
2011a). Whereas, in the small groups of another lemur species, Verreaux’s sifakas (Propithecus 
verreauxi), adult females are philopatric too, but socially dominant over males. In this species, 
adult females attempt to initiate group movements more often and with a higher recruitment 
success than males (Trillmich et al., 2004). In howler monkeys (Alouatta pigra), all group 
members were reported to successfully initiate group departure, but the adult female that had 
the strongest set of social connections (based on spatial proximity) did it disproportionally more 
than all the others (Van Belle et al., 2013). There are also fewer reports of species where all 
group members can initiate collective movements, without a consistent influence of age and 
sex. This outcome is possible in species with an egalitarian social structure, such as white-faced 
capuchins (Cebus capucinus, Leca et al., 2003) and brown lemurs (Eulemur fulvus fulvus, Jacobs 
et al., 2008). Following studies in brown lemurs showed that the social structure of the group 
underlies the process of group departures, since individuals are most likely followed by the 
closest affiliated group mates (Jacobs et al., 2011a). In contrast, departing white-faced 
capuchins were simply followed by the nearest group mates in space, anonymously (Meunier et 
al., 2006). 
The presence of several individuals, with potentially conflicting interests, capable of 
influencing the consensus decision outcome leads to a need of negotiation of time and direction 
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of group movements. Therefore communicative means, as the expression of information 
exchange and negotiation, are expected to be particularly involved in shared decision-making. 
Many studies investigated communication as a mechanism conceivably contributing to group 
coordination (e.g., Bourjade and Sueur, 2010; Sueur and Petit, 2010; Sueur and Petit, 2008a; 
Leca et al., 2003; Stückle and Zinner, 2008; King et al., 2011). Contrasting results have been 
found within and between species. For example, back glances were first considered to have no 
effect in eliciting followership behaviour in rhesus macaques (Sueur and Petit, 2008a). A 
subsequent study revealed that rhesus macaques glancing back were less likely to successfully 
initiate a group departure (Sueur and Petit, 2010). A similar outcome was found in Barbary 
macaques (Macaca sylvanus, Seltmann et al., 2016), whereas a positive influence of performing 
back glances on the success of an initiation attempt was found in white-faced capuchins (Leca et 
al., 2003). Apparently, an individual that glances backwards to the other group members can be 
perceived either as an incitement to follow or a monitoring behaviour by a hesitant individual. 
Pauses and vocalizations are analogous examples of behaviours with varying functions within 
and between species in comparable studies of group movements. The findings regarding the 
impact of communication on the influence on a group departure are controversial. A performed 
behaviour with a potential communicative function may not always find a recipient and, once it 
does, the kind of information perceived can vary within and between species (Seltmann et al., 
2016). 
 
1.4.2. The social factors affecting group departures: the case of macaques 
The described examples primarily point out the influence of the characteristics of the society on 
the processes underlying coordinated collective actions. Even individual features, such as sex, 
personality traits or internal state, appear to influence the process as interacting with the social 
status of the individual. For example, the adult sifakas females mentioned earlier may initiate 
group movements more often and more successfully than males because they are socially 
dominant (Trillmich et al., 2004). Also, bonobo oldest females (Pan paniscus) may initiate more 
often because they frequently give coalitionary support to younger females (Tokuyama and 
Furuichi, 2017). To deepen our understanding of the social determinants regulating group 
coordination, it is helpful to compare closely related species living in different social systems. 
Studies on macaques can provide an example. The genus Macaca counts 22 species, all 
organised in unilevel multimale multifemale groups in which females are mostly philopatric and 
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most males transfer (Thierry, 2007). However, the species also display consistent variation in 
social structure, in terms of degrees of dominance asymmetry and of aggression and 
reconciliation patterns (Thierry, 2007). For example, rhesus and Japanese macaques (M. 
fuscata), are defined as socially intolerant with steep dominance hierarchies, Barbary and 
Tibetan macaques (M. thibetana) present an intermediate degree of social tolerance with 
moderate steepness of the dominance hierarchy and Tonkean macaques are among the most 
egalitarian and tolerant species (Thierry, 2007). Among these five species the individuals 
seemingly capable of influencing a group departure differ and the social structure of the group 
has various impacts on the coordination process. In rhesus and Japanese macaques, old and 
dominant individuals appear to have preeminent influence on group departures (Sueur and 
Petit, 2008a; Jacobs et al., 2011b). In Barbary macaques, mainly high ranking individuals initiated 
group movements and followership was determined by social affiliation (Seltmann et al., 2013). 
In Tibetan macaques, all adults initiated a group movement and the number and ratio of 
successful initiations (number of successful initiations divided by the number of initiation 
attempts) were not correlated with social rank, but positively correlated with the frequency and 
intensity of affiliative interactions (Wang et al., 2016). In Tonkean macaques, nearly all group 
members, juveniles included, can initiate a group departure and have the same likelihood to be 
followed (Sueur and Petit, 2008a, 2008b). Therefore, the initiation of departures of macaque 
groups appears to be the result of a partially shared decision-making, with a strong influence of 
the highest-ranking individuals in despotic species and a larger spectrum of influencing 
individuals and factors in more tolerant species, up to an equally shared process in the most 
egalitarian subjects. 
 
1.5. How collective movements continue 
Few studies mix the terms “group departure” and “group progression” and use them both 
referring to the period around the initiation of a group movement (e.g., Dunbar, 1983; Sueur 
and Petit, 2008b; Lee and Teichroeb, 2016). Differently other studies consider the terms as 
subsequent contexts (e.g., Erhart and Overdorff, 1999; Smith et al., 2003). The consideration of 
both contexts allows a more exhaustive analysis of the process underlying collective movements 
of a given species (e.g., Trillmich et al., 2004; King and Sueur, 2011). Once the consensus 
decision has been reached and the group has departed, so during group travel progressions, 
group members have both to maintain cohesion, involving conflict management among 
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individual interests, and to move to the destination according to optimal individual positions 
(Morrell and Romey, 2008). Therefore, another frequently investigated coordination context is 
the organization of the group when already on the move, during group travelling progressions. 
Only recently technological advances have allowed precise remote monitoring of group 
behaviours. For example, high-resolution individual biologging permitted the investigation of 
the conflict management among individual interests and the decision-making process also 
during group progressions (Strandburg-Peshkin et al., 2015). The researchers installed GPS 
collars on 80% of the adults of a wild group of olive baboons (Papio anubis) and remotely 
collected data of their individual positions, every second, for two weeks. Then they analysed the 
individual tracks. This approach permitted to calculate distances between all pairs of individuals 
and extract individual movements that were followed by the other group members. Such an 
analysis enabled the researchers to define the quality of the decision-making process (a shared 
consensus) based on finer scale decisions, with high temporal resolution. All collective 
movements were considered, including group departures and progressions.  
More traditional studies have tested whether the first position of the travelling group 
was consistently taken by the same individual that was initiating the group departure (e.g., 
Erhart and Overdorff, 1999; Trillmich et al., 2004). Rarely questioned is the possibility that, in 
the course of the collective movement, individuals might overtake the front position of those 
which initiated the group departure. This might lead to a different description of the quality of 
the consensus decision and the process of group coordination. For instance, one individual could 
consistently initiate group movements and be then overtaken by other individuals that stay in 
front until the termination. In such a situation, what initially seems the result of an unshared 
decision-making is actually a shared process with regard to the whole movement action (Pyritz 
et al., 2011b). 
Most commonly, studies about group progressions tend not to be concerned with the 
departures of collective movements. These studies focus instead on the spatial positions of all 
group members during a collective movement. When group members travel in a directed 
movement (as opposed to a “feed-as-you-go, ameboid-like movements that do not necessarily 
require an initiator or coordination among group members”, Pyritz et al., 2011b, p. 1273), they 
may not move to their destination in a chaotic manner, but they may choose position according 
to physiological, social and/or ecological constraints, such as nutritional requirements, 
dominance rank, kin relationships, affiliative relationships or predation risk. Theoretically, these 
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drivers of spatial positioning can also be divided into position-specific, i.e. the individual chooses 
a specific position because of physiological, social, and/or ecological factors, or neighbour-
specific, i.e. the individual chooses a specific position based on being near or avoiding other 
group members (Janson, 1990). 
According to the hypothesis that front positions facilitate access to more and better 
quality food (Janson, 1990), individuals may take positions corresponding to their physiological 
needs, e.g., lactating or pregnant females go in front because of their higher nutritional 
demands (Geladas, Theropithecus gelada, Dunbar, 1983; Milne-Edwards' sifakas, Propithecus 
edwardsi, and red lemurs, Eulemur rufus, Erhart and Overdorff, 1999; white-handed gibbons 
Hylobates lar, Barelli et al., 2008). Similarly, high ranking individuals could move in front to get 
priority access at the new location (Sueur and Petit, 2008b). Otherwise, low ranking individuals 
might also go in front to get the chance to exploit a resource before the dominants arrive (e.g., 
western green monkeys, Chlorocebus sabaeus, Gerald, 2002; long-tailed macaques, Macaca 
fascicularis, Dubuc and Chapais, 2007). There might be cases where old individuals are in front 
of the group because of their greater experience and memory (e.g., black spider monkeys, 
Ateles paniscus, van Roosmalen, 1985; suggested for bonobos, Tokuyama and Furuichi, 2017). 
Similarly, in species in which one sex is philopatric and the other one disperses, philopatric 
individuals may occupy front positions because of their better knowledge of the group home 
range (e.g., red-fronted lemurs, Pyritz et al., 2011a). The organization of the group on the move 
could be shaped by predation pressures too. According to this hypothesis, the strongest 
individuals, adult males in most primates, could be at edge positions, while more vulnerable and 
less confident individuals, females and immatures, could keep other group members between 
themselves and potential dangers (e.g., grey-cheeked mangabeys, Lophocebus albigena, Waser, 
1985; baboons, Collins, 1984, Rhine and Tilson, 1987; chimpanzees, Pan troglodytes, Hockings et 
al., 2006; vervets, Chlorocebus pygerythrus, Teichroeb et al., 2015). This hypothesis was 
supported showing that adult baboons were more consistently at the back of the group when 
moving away from a frightening or tense situation than in other situations (Rhine and Tilson, 
1987). In addition, lions attack baboons more frequently from the direction in which group 
members are travelling, i.e. the front of the group (Busse, 1980; likewise a greater risk of 
predation in front positions was found in shoals of fish, Bumann et al., 1997). In general, the 
study of individual spatial patterns during collective movements reveals the adaptive costs and 
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benefits of spatial choices and underlines the ecological and social pressures that drive 
individual positioning within a group. 
 
1.6. How to infer leadership: a critique 
Taking the initiative to attempt a group departure and eliciting the followership of all group 
members or occupying the front position of a progressing group may be the expression of an 
action of leading. De facto, leadership is a concept recurring very often in the literature 
regarding group coordination. However, we still encounter some conceptual mismatches 
between studies in the notion of leadership (Strandburg-Peshkin et al., 2018). Pyritz and 
colleagues (2011b) wrote a purpose-made article to reach a consensus in the scientific 
community over the terminology used about animal group coordination. They defined 
leadership as the action of leading by the individual, the leader, which “elicits follower 
behaviour (from a majority of or all group members) and exerts social influence on group 
members either by its rank, experience, social status/connectedness, or specific behaviour” 
(Pyritz et al., 2011b, p. 1273). 
As adduced, a first dispute concerns terminology. An emblematic example concerns two 
similar studies that analysed the order of arrival at a feeding site at the termination of a group 
progression. Although Dubuc and Chapais (2007) found in a study on long-tailed macaques that 
lower ranking individuals were often ahead of the group, they did not relate this to leadership. 
In contrast, Barelli and collegues (2008) found in a study on gibbons that high ranking cycling 
females were ahead of the group and they assumed a greater leadership role of these females in 
coordinating group activities. 
A second problem regarding the concept of leadership comes with the complexity of 
group movements. As leadership is often investigated in the context of group departures, it 
could also be investigated in other coordination contexts, as during group progressions. The 
intuitive thought is to ascribe leadership during group progressions to the individual ahead of 
the group (e.g., killer whales, Brent et al., 2015; spotted hyaenas, Crocuta crocuta, Smith et al., 
2015; giraffes, Berry and Bercovitch, 2014). However, such an analysis of leadership during 
group departures in the same group could potentially lead to contrasting results. As already 
remarked, individuals may overtake the positions ahead of the group during the course of the 
collective movement. Therefore, to try to gain an exhaustive picture of leadership during 
collective movements in a given species, the study of collective movement should be as 
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comprehensive as possible of the different coordination contexts. To face this issue Pyritz and 
colleagues (2011b) also proposed to define leadership as “stable”, when overtaking occurs 
rarely during travelling, and “unstable”, when overtaking occurs regularly. Yet, different 
coordination contexts might show different aspects of group coordination. During a group 
departure, the group may find consensus about the timing and direction of the collective 
movement and all group members might then be aware of the destination chosen. Several 
researches supported the idea of mental maps in baboon daily routes (e.g., Sigg and Stolba, 
1981; Noser and Byrne, 2007). In this scenario, the front position up to the termination of the 
movement is not related to eliciting or influencing others’ behaviours, but may be unintentional, 
or driven by, for example, ecological factors like predation risks. In addition, a distinction based 
on overtaking a front spatial position hinges on the assumption that the researcher is defining 
initiators and the individual ahead of the group as leaders, which may be incorrect, as discussed 
in the following paragraph. 
In fact a third issue concerns eliciting and influencing others’ behaviours, which might 
not be evident to the observer. Many studies simply defined the individual that initiates the 
collective movement as the leader (e.g., Leca et al., 2003; King et al., 2011; Wang et al., 2016; 
Tokuyama and Furuichi, 2017). These studies suppose that the individual taking the first position 
ahead of the group is actually driving the group to his intentions. Although intuitive, this 
assumption may not be confirmed in all species (Bode et al., 2012). Already Kummer (1968a, 
1968b) observed that hamadryas baboons (Papio hamadryas) could exert influence on the 
travel direction of the group without being the first group member to advance. The author used 
the term “hidden leadership” to define the influence on collective movement exerted from 
spatial positions behind the first one. Also, in geladas, lactating females tend to initiate group 
movements, but the dominant male and female decide whether or not the group would follow 
(Dunbar, 1983). In addition, a collective movement might take place depending more on the 
motives of some, if not all, group members than on those of one initiator. The latter may simply 
behave as a trigger for a collective decision which has been taken, instead of behaving as a 
leader (Petit and Bon, 2010; Jacobs et al., 2011a; Briard et al., 2015). Bode and colleagues (2012) 
presented a model for the navigation of moving groups which demonstrates that leaders are not 
consistently found at the front of the group. Aware of this issue, Pyritz and colleagues warned 
that the role of a leader “should not be restricted to its spatial position during a group 
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movement because individuals may also lead from behind, i.e., initiate and terminate a 
movement without being at the forefront of the group” (2011b, p. 1273). 
A fourth complication concerns the broadness of the concept of leadership. As well as in 
group departures and group progressions, leadership might play a role in other situations, such 
as, migration, group foraging, hunting, intergroup conflict and territorial defence, and 
intragroup conflict resolution (Glowacki and von Rueden, 2015; Smith et al., 2016). To 
exhaustively describe how leadership is expressed in the studied group despite this complexity, 
Smith and colleagues (2016) identified five dimensions of leadership. One dimension refers to 
the (i) “distribution” of leadership, that is to say what proportion of group members usually 
makes a decision in a given context. Another dimension concerns the (ii) “emergence”, i.e. 
whether leadership is achieved or ascribed (“emergent” or “inherent” in Strandburg-Peshkin et 
al., 2018). The dimension of (iii) “power” describes how influential leaders are. The (iv) “relative 
benefits” refer to which advantages leading the group brings. The dimension of (v) “generality” 
regards how and whether leadership in one context predicts leadership in another one. 
Although this complexity is difficult to disentangle and describe, the study of leadership should 
not be limited to the investigation of only one coordination context of collective movement. 
To summarise, such a multifaceted and broad concept as leadership should not be 
bound to initiating a group departure or taking the front position in group progression. Studying 
leadership should involve the investigation of the mechanisms of collective behaviour and how 
the individual interactions give rise to the patterns we observe at the group level (Garland et al., 
2018; Strandburg-Peshkin et al., 2018). A more thorough definition of leadership may be: a 
process to solve collective action problems where an individual (leader) repeatedly influences 
their group to achieve collective goals (Glowacki and von Rueden, 2015; Smith et al., 2016; 
Amornbunchornvej and Berger-Wolf, 2018; Strandburg-Peshkin et al., 2018). Thus, the guide to 
a proper leadership analysis includes focusing on the mechanisms that bring certain outcomes, 
e.g., being initiators or in the front position, instead of on the actual outcomes (Strandburg-
Peshkin et al., 2018). This study will focus on group departures and group progressions of 
Guinea baboons. For both analytical and conceptual issues arisen, I decided to refer only to 
initiators of group departure, with some deduction on decision-making processes, and to 
individuals occupying front positions during group progressions, avoiding inference of leader 
roles and leadership (as, to my knowledge, no other study about departures of group 
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movements in primates did, but see e.g., Rhine et al., 1985, or Dubuc and Chapais, 2007, for 
other coordination contexts). 
 
1.7. The case of baboons: between different societies 
Baboon species have been study subjects of some of the pioneering research on group 
coordination in primates, which described the order of group progressions, group departures 
and consensus decision-making driving collective movements (in yellow, Papio cynocephalus, 
and chacma baboons, DeVore and Washburn, 1963; in hamadryas baboons, Kummer, 1968a, 
1968b). Since then, many studies investigated group coordination in baboon species, making the 
genus Papio one of the most extensively documented among primates regarding this topic 
(Janson, 1990; Strandburg-Peshkin et al., 2015). Such investigations have been facilitated by 
their largely terrestrial lifestyle and home ranges often including open areas. The genus Papio 
includes six phylogenetic species, spread across sub-Saharan Africa, except Central- and West-
African rain forest, and southwestern Arabia (Zinner et al., 2013a, 2013b; Fischer et al., 2017). 
Whereas the care system of baboons appears bi-parental across species, with the mother 
investing a disproportional amount of energy and time in infant care taking compared to the 
father (on the paternal care taking, e.g., Busse and Hamilton, 1981; Alberts, 2016), baboon 
species differ in mating system, social organization and social structure, with two main models: 
polygynandric unilevel and monandric-polygynic multilevel societies (Anandam et al., 2013, 
Fischer et al., 2017). 
The social system of olive, yellow and chacma baboons can vary across populations (e.g., 
Byrne et al., 1990), however, they usually live in a unilevel, multimale-multifemale group, 
named troop, which permanently consists of adult males, adult females and their offspring 
(Anandam et al., 2013). The society manifests a linear hierarchy, determined through agonistic 
interactions in males and inherited in females (Swedell, 2011; Barrett and Henzi, 2008; 
Anandam et al., 2013). Females tend to spend the entire life in the group into which they are 
born. Males tend to disperse on reaching sexual maturity (Barrett and Henzi, 2008). Females and 
males can form consortships during oestrous periods. Male dominance hierarchy strongly 
affects the access to reproduction, especially in chacma baboons, where the alpha male can 
monopolize the majority of mating access (Barrett and Henzi, 2008; Anandam et al., 2013). 
Kinda baboons (sometimes addressed as a subspecies of yellow baboons, see Barrett and Henzi, 
2008; and Jolly, 2013) remain largely undocumented, but preliminary observations suggest a 
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social organization similar to that of olive, yellow and chacma baboons (Anandam et al., 2013) 
and unique aspects of social structure (Weyher et al., 2014). Because of these similarities these 
four species of baboons are starting to be collectively addressed as COKY baboons (chacma, 
olive, Kinda and yellow baboons; Jolly, subm.) 
Hamadryas and Guinea baboons (P. papio) live in multilevel societies. The smallest social 
entity is the reproductive unit, which consists of one male with one or more females and their 
offspring. In hamadryas, these one-male units (OMUs) occasionally comprise one or more 
“follower” males without mating access to females (Pines et al., 2011). More OMUs associate in 
a clan. Few clans that often share their daily range form a band. Usually the bands of a particular 
area aggregate at the same sleeping site and form a troop, a group of up to several hundred 
baboons (Kummer, 1968a; Schreier and Swedell, 2009). Males often aggressively herd females 
and they try to prevent the females’ affiliative interactions with individuals outside the OMU 
(Kummer, 1968a, 1968b; Swedell and Schreier, 2009; Pines and Swedell, 2011). 
Due to this variability in social systems among closely related species, baboons have also 
been used as a model to investigate consequences of the characteristics of the society on 
individual fitness (Sapolsky, 2005; Silk, 2007; Fischer et al., 2017). In addition, baboons probably 
evolved in the same savanna habitats of eastern Africa and at the same time as early humans, 
and the complexity of their social systems is similar to that which occurred in the recent 
evolution of Homo sp. These aspects advocate baboons as a valuable model to study human 
social evolution (Henzi and Barrett, 2005; Strum, 2012; Bonnell et al., 2019). 
 
1.7.1. Group departures in baboons 
Research on group coordination in baboon species has shown different results. An old study on 
wild olive baboons describes the highest-ranking male determining direction and timing of the 
majority of group movements, with exceptions concerning other adult males. Other group 
members, especially females with offspring, have varying degrees of influence on collective 
movement (Ransom, 1981). Nevertheless, strong evidence for shared decision-making was 
found in a more recent study on wild olive baboons, equipped with GPS collars (Strandburg-
Peshkin et al., 2015). Even though, as mentioned before, this study focused on a moving group 
of baboons and not strictly on the process from a general stationary condition to a moving one, 
they concluded that all adult group members could influence the direction of group movement. 
Individuals were more likely to follow when several initiators agreed on the direction and timing 
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of movement. In case of diverging directional propositions at the same time, the rest of the 
group chose one direction over the other when the angle between the proposed directions was 
large, but it compromised between them if the angle was small (Strandburg-Peshkin et al., 
2015). Working on the same dataset, Farine and colleagues (2016) first discovered that the next 
location of one individual was best predicted by the location of the four to six nearest 
neighbours and the location of the closest affiliated individual had a higher influence on the 
moving individual. 
In yellow baboons, adult males have been reported to move off first and initiate group 
movement (Norton, 1986). However, male movements usually translate into group movements 
when other group members, and especially adult females, had already indicated the direction of 
movement and readiness to move. The most influential individuals appeared to be the highest-
ranking female and the oldest female, with the largest matriline and middle-low social status. 
Individuals indicate their intentions through body and gaze orientations, rises to a high position, 
like climbing a tree or a rock, or movements to the group edge. 
A study on wild chacma baboons reported that, in the morning, both males and females 
initiated group movements for leaving the sleeping site with a similar rate of success, but adult 
males initiated more often than females. Vocalizations, back glances, pauses or walking speed 
did not seem to influence the success of an initiation attempt (Stueckle and Zinner, 2008). A 
similar study was conducted on a different wild group of chacma baboons. The large majority of 
adults initiated group departures from the sleeping sites. Overall, sex or dominance did not 
affect the likelihood of attempting an initiation or the success of the attempt. However, the 
dominant male did initiate group departures significantly more than all other individuals. Back 
glances or vocalizations did not seem to affect the likelihood of a successful initiation, whereas 
pauses during an attempt of initiation reduced the prospect of a group departure. Baboons 
tended to follow at closer distance group mates which they shared stronger social ties with (King 
et al., 2011). A third study on the same species followed a different approach. It examined the 
individual decision-making in a moving group by means of GPS locations collected for each adult 
baboon of the group. The study indicated that individual movements were influenced more by 
specific animals than by the trajectory of the whole group. Moreover, it showed that, in 
individual movements, lower ranking individuals were more influenced by higher-ranking 
individuals. In addition, some specific individuals were much more influential than others and 
some other individuals more influenced by others, suggesting a potential influence of individual 
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temperament on the consensus decision outcome during movement (Bonnell et al., 2017). 
Another study on the same species was based on a foraging experiment in the wild. The 
observer followed the baboons for full days but the analyses focused on the order of arrival on 
an artificial foraging site. The foraging sites were designed to give access to food to a small 
minority of individuals, which generally ended up being the dominant ones. The majority of 
other group members followed the dominant male despite the considerable consensus cost of 
travelling for no food resources. The results suggested that, in case of skewed foraging benefits, 
dominance has a severe influence on the collective movement. Again, baboons preferentially 
followed individuals they were closely affiliated to (King et al., 2008). Lastly, a pilot study on 
chacma baboons in Namibia has suggested that the call rate of grunt vocalization is positively 
correlated with the likelihood that a stationary group will depart (Fischer and Zinner, 2011). 
In hamadryas baboons, OMU reproductive males (usually referred to as “leader” males, 
Pines et al., 2011; Swedell et al., 2008) are almost exclusive initiators of group movements and 
the main influencer of the decision outcome. Younger adult males appeared generally more 
active in initiating group departures, but the group moved only when older adult males followed 
from the centre the initiation attempt (Kummer, 1968a, 1968b, 1995). Within bands, adult 
males may perform notifying behaviours to other males (i.e. ritualized greetings) prior to 
departure, to solicit the others to follow them in their desired direction. Then other group 
members broadcast their preferences by moving a few meters towards the preferred direction 
or supporting the choices of others sitting facing the respective direction (Kummer, 1995). 
Across studies on baboon species, the findings on the process of group decision-making 
vary. In general, adult males seem to have a preeminent but not exclusive role in the decision-
making process and the initiation of a group departure. In some studies on unilevel societies, 
higher ranking individuals appeared to be more influential over the direction and timing of 
group departures than lower ranking ones. In a multilevel society, OMU leader males appear the 
reference for other OMU’s members and in charge of the coordination of the larger social 
entities: clans and bands. Moreover, the impact of the communication behaviours potentially 
involved in coordinating group departures appears contradictory and inconclusive. The 
information transfer and the negotiation process seem to vary according to study conditions and 
study species. 
 
1.7.2. Group progressions in baboons 
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Results about the order of group progressions have recurrent aspects across species. One of the 
first studies collected data on wild groups of yellow and chacma baboons. The order of group 
progression described in open plains was: less dominant adult males take position at the front 
and back edge of the group, dominant adult males, females and young juveniles occupy the 
centre and older juvenile males take position between the centre and the edges (DeVore and 
Washburn, 1963). A similar pattern of progression was described some years later in wild yellow 
baboons (Rhine, 1975). Adult males took position either at the front or the rear of the group. 
Dominant ones were mainly in the front and subordinate males mainly in rear positions. Adult 
females tend to be spread across front, middle, and rear progression positions (Rhine, 1975). 
Two similar studies were conducted a few years later on two other troops of wild yellow 
baboons, focusing on adult male positioning (Rhine and Westlund, 1981) and on younger 
individual positioning (Rhine et al., 1981). Results confirmed that dominant males were 
disproportionately more often in the front and subordinate males in the back. Also, sick and 
older individuals progressed at the back (Rhine and Westlund, 1981). Small juveniles tended to 
be centrally located and large juveniles were located “somewhat to the front” (Rhine et al., 
1981, p. 475). Another study approached the analyses of spatial patterns in yellow baboons 
combining moments of travel and rest (Collins, 1984). Observations revealed that males tended 
to travel in front of the group independently of dominance rank. Rear positions appeared to be 
taken in relation to individual mobility. Individuals most frequently seen at the rear were one 
female during late pregnancy, a mother with a new born infant, a sick female and the oldest 
adult male (Collins, 1984). 
The pattern of progression was also investigated in wild chacma baboons. Chacma adult 
males were most often found in the front part of progressions and they were about equally 
often found in the centre and rear of the group (Rhine et al., 1985; Rhine and Tilson, 1987). 
Walking immatures tend to occupy central positions during progression and adult females did 
not exhibit a clear pattern in the order of progression across events (Rhine and Tilson, 1987). A 
newer study did not focus on group progression order, but it analysed the GPS data of each 
adult chacma baboon of one habituated wild group while foraging. The results revealed that the 
individuals tended to shift positions within the group. Dominant individuals usually took central 
positions during moving and foraging activities. In particular, high-ranking females were closer 
to the centre of the group than were males (Dostie et al., 2016). 
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The tendency for adult males to occupy front positions was also confirmed for olive 
baboons (Rhine and Westlund, 1981; Rhine and Tilson, 1987). The same data collected on olive 
baboons equipped with GPS collars mentioned above also revealed that, although individual 
positioning is highly dynamic, subadults (younger individuals were not collared, so they were not 
included in the analyses) were closer to the centre than adults (Farine et al., 2017). Dominant 
individuals tended to take more central positions than subordinates and, in general, the 
individual that is in proximity with a larger number of group mates ends up in central positions 
(Farine et al., 2017). 
Kummer (1968a, 1968b, 1995) described the individual positioning during progression in 
the multilevel society of hamadryas baboons. Although he considered only very few events, the 
description showed points of convergence with the individual positioning described in baboons 
living in unilevel societies. Precisely, in the event of two OMUs walking in a line, the males took 
the front and rear of the group. When the group in single-file progression was larger, adult and 
subadult males were much more likely to occupy front positions while they took rear positions 
with a frequency equal to chance. Generally younger adult males were reported more in the 
front and older adult males more in the rear of the group. 
Overall, a quite similar age-sex positioning in progression orders occurred across 
different studies, troops, species, social systems and habitats. Adult males more often occupy 
the front positions of the group. Moreover rear positions are taken more frequently than central 
ones, in several studies. Despite such consistency, a progressing baboon group also appeared as 
a fluid system in which each individual occasionally occupies all positions in the progression 
order. In addition, between all these studies describing non-random positioning during group 
travel progressions in baboons, there is one study that, over nine years of data sampling on wild 
yellow baboons, found most progression orders to be essentially random (Altmann, 1979). 
 
1.8. Guinea baboons 
Together with Kinda baboons, Guinea baboons are the least explored baboon species. Guinea 
baboons represent the north-western extreme in the distribution of genus Papio. Like 
hamadryas baboons, they live in a multilevel society, based on monandric-polygynic 
reproductive units. The nomenclature used for the different nested level of social organization is 
different between the two species but comparable. The units consist of one adult male, the 
“primary” male, one or more adult females and dependent offspring. Often units comprise one 
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or more additional adult or subadult males, addressed as “secondary” males (76.5% of cases, 
Dal Pesco et al., in prep.). Secondary males have frequent affiliative non-sexual interactions, 
such as contact sitting, grooming or infant handling, with the other unit members. Several units 
team up in a party, which further includes adult males without consistent affiliative interactions 
with specific units, classified as “unaffiliated”. The party can be seen as the equivalent of the 
clan level in hamadryas. Few parties associate with each other in a gang (Fischer et al., 2017). 
Whereas the same level of social organization is named band in hamadryas. 
While the social organization resembles that of hamadryas baboons, the social structure 
differs considerably. Agonistic interactions between parties or gangs are rare and different 
gangs use largely overlapping home-ranges. Aggressive behaviours are also rare between males 
and females (0.1 events/h), occurring mainly between a primary male and one of its females. 
Females counter aggress in 20% of the occasions (Goffe et al., 2016; Fischer et al., 2017). Adult 
males do not form linear dominance hierarchies and maintain long-lasting friendly relationships 
with other males, based on occasional grooming, support in agonistic interactions and high 
spatial tolerance (Patzelt et al., 2014; Kalbitzer et al., 2015; Fischer et al., 2017). Females have 
greater spatial freedom and leverage in their association patterns than in hamadryas baboons. 
Females can engage friendly relationships with other females as well as with males outside their 
reproductive unit (Goffe et al., 2016). Female reproductive state does not affect grooming or 
aggression occurrences. Intersexual relationships are not strongly affected by female 
reproductive state either and appear much looser than in hamadryas and chacma baboons 
(Kalbitzer et al., 2015; Goffe et al., 2016). The social relationships between the male with “its” 
females are relatively stable. Mate fidelity is high (98.6%) and the reproductive skew is low 
(Goffe et al., 2016). Fidelity has also been confirmed by recent paternity analysis, which revealed 
that the primary male sires 89.5% of the offspring within its unit (Dal Pesco et al., in prep). A 
social network analysis on interindividual spatial associations suggests the social relevance of 
secondary males within a party reporting that they usually are within a 5 meters proximity of 
more party members than primary males (i.e. higher degree centrality, Goffe et al., 2016). Both 
sexes have been reported to disperse between parties or gangs, however a study on population 
genetics found evidence that males are the more philopatric sex, in contrast with the COKY 
baboons (Kopp et al., 2015). Hence the Guinea baboon social system appears unique among 
baboon species, with major aspects being the multi-level social organization and the 
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comparatively high social tolerance (Patzelt et al., 2014; Fischer et al., 2017). How they 
coordinate during group movement remains still unexplored. 
 
1.9. The aims of this study 
The collection of studies and the concepts presented indicate the theoretical and empirical 
complexity of studying the coordination of collective movements and the variety of methods 
that have been used to disentangle such complexity. In my study I investigated the initiation and 
course of group movements in wild Guinea baboons, focusing on two classical coordination 
contexts: group departures from a stationary condition and single-file group travel progressions. 
The aim was to analyse the processes and describe the patterns of coordinated group 
movements of such a unique baboon species. Notably, after the pioneering research on 
hamadryas baboons, my study complemented the investigation of group departures and group 
progressions in a multilevel primate society with up to date quantitative analytical approaches. 
Moreover, I put results into a comparative framework with other baboon species. I tried to 
elucidate interspecific similarities and Guinea baboon peculiarities and to assess whether and 
how the social system of baboon species shapes group coordination during collective 
movements. 
 
1.9.1. Group departures in Guinea baboons 
In order to study group departures I followed three approaches. First, I described which 
individuals attempted initiations of group departure and which ones were more successful. In 
general, I assumed that individuals which initiate group departures would change consistently 
across events due to the very weak dominance hierarchy and a comparatively high tolerant 
structure. Then, the description of these individuals was based on three potential influencing 
factors. The first was age. As in the majority of other primate species, the largest and more 
experienced individuals, i.e. the adults, were predicted to be the only ones capable of eliciting a 
group departure. The second factor was sex. I envisioned two contrasting scenarios. Considering 
the findings from analyses of group departures in other baboon species, and especially 
considering the dynamics described in the multilevel society of hamadryas baboons, I expected 
that males would attempt to initiate more often and with a higher success rate than females. 
Whereas, taking into account the comparatively high social tolerance of Guinea baboons and 
the findings from other tolerant primate species (e.g., white-faced capuchins, brown lemurs, 
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Tonkean macaques), I expected that individuals of both sexes would attempt initiations of group 
movements with the same frequency and equal chances of success. The third factor was based 
on four elements. (i) In chacma baboons, male dominance hierarchy can correlate with both 
access to mating partners and influence on group decisions (King et al., 2008). (ii) In olive 
baboons, an individual that maintains spatial proximity with a larger number of group members 
ends up in more central spatial positions within the group (Farine et al., 2017). (iii) In Guinea 
baboons, there is no evidence of linear dominance hierarchy between adult males of Guinea 
baboons (Kalbitzer et al., 2015). (iv) Unit composition is determined by the affiliative 
interactions between group members (Goffe et al., 2016). Taking these four arguments into 
account, I attributed different categories of a variable named “individual association” to the 
group members: non-primary males were given the lowest value (=1) and the other unit 
members were given increasing values according to the dimension of the reproductive unit (i.e. 
how many adult females belong to a given unit). In case individuals with a higher mating success 
were more influential during group departures (e.g., chacma dominant males in King et al., 
2008), I expected primary adult males of large reproductive units to attempt to initiate more 
often and with a higher success rate than other party members. Whereas, in case unit members 
tended to stay cohesive, I expected non-primary males to be the first ones attempting to initiate 
more often and with a higher success rate than individuals belonging to a unit. 
The second approach consisted of investigating the impact of communication during 
group departures. I quantified the occurrence of the behaviours commonly considered as signals 
or cues in the context of group departures in other studies: back glances, branch shaking 
displays, greetings, pauses and vocalizations (e.g., Kummer, 1968a, 1995; Boinski, 1993; Stewart 
and Harcourt, 1994; Mehlman, 1996; Sueur and Petit, 2010; King et al., 2011; Fischer and Zinner, 
2011; Seltmann et al., 2016). In case communication behaviours would play a role in the 
coordination of a group departure, I assumed the expression of these behaviours to correspond 
to a potentially influential role of the performing individual on the time and direction of group 
departures. Hence, individuals attempting initiations should display communicative means more 
often. However, the use of communication behaviours during group coordination across species 
and studies is highly diversified, inconsistent and contradictory. I could not make any prediction 
on the kind of communication behaviour involved in group departures of Guinea baboons and 
on its informational account. 
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With my third approach I explored whether and how the presence of two levels of social 
organization, the unit and the party, affects the coordination process. I analysed the 
cohesiveness of the party members. I considered that social affiliation is often an important 
driver of following behaviours, as already documented in some species (e.g., olive baboons, 
chacma baboons, brown lemurs). Moreover, the departure process described in hamadryas 
multilevel society relies on unit member cohesiveness: OMU males negotiate to preserve 
cohesion between OMUs and the other OMU members preserve cohesion within the OMU. 
Therefore, I expected unit members to depart cohesively within the party. 
 
1.9.2. Group progressions in Guinea baboons 
In my investigation of the second context, group progressions, I aimed to describe the order of 
individuals within the moving party across events. The order of single-file travel progressions of 
Guinea baboons may follow one of the non-random progression formations previously 
described for other species. However, since Guinea baboons live in a tolerant social structure, 
with weak dominance hierarchy and rare competition over food (personal observation), I 
assumed that individuals would also not compete for positions in the progression order to profit 
from a newly reached food resource. Also, since baboons seem to know their home range well 
(they do not repeatedly cover huge distances to find resources, average home ranges of the 
study subjects is between 25 and 36 km2, Klapproth et al., in prep.; Noser and Byrne, 2007), I 
assumed that a progressing group would not need to be led to destination by the most 
experienced individuals (the oldest). Previous studies on the order of baboon single-file 
progressions have found a quite consistent pattern described above and mainly hypothesized to 
be driven by predation pressure. Our study area hosts potential baboon predators (see content 
2.1.). As mentioned before, individual predation risk in a moving group has been empirically 
shown to be dependent on the spatial positions within the group: individuals in peripheral, and 
especially frontal, positions are at higher predation risk than those in the centre of the group. 
Therefore, adult females and young individuals should be more motivated to travel in central 
positions than the largest, strongest and most experienced (thus, “should be more confident” in 
Rhine and Tilson, 1987 p. 120) individuals, the adult males. In fact, adult females and youngsters 
are more susceptible to attacks or separation from the group due to their body size, strength 
and, concerning juveniles, their inexperience. Then, the adult males could travel in front and 
rear positions under most circumstances. 
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In addition, I tested whether the order of individuals in a progressing party correspond 
to the multilevel social organization. As for group departures, I expected that unit members 
continue to travel cohesively after departing. I then considered that, in olive baboons, more 
central spatial positions are occupied by the individuals that maintain cohesion with a larger 
number of group members (Farine et al., 2017). I also considered two expectations regarding 
the order of progression: (i) adult males at the edges and females and young ones more central 
in the progressing group and (ii) members of the same unit spatially cohesive. In case the results 
confirmed these predictions, I also predicted a difference in the positioning patterns between 
adult males. Non-primary males should take front or rear positions. Primary males could either 
take front or rear positions with the other adult males, or they could travel in central positions 
close to the females and young ones of their units. Therefore, I assumed non-primary males 
would move at the extreme front and rear positions of the party, whereas I assumed primary 
males would move in more central positions, closer to their affiliated unit members. 
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2. Materials and methods 
 
2.1. Field site 
The fieldwork was conducted in the surroundings of the field station “Centre de Recherche de 
Primatologie (CRP) Simenti” (13°01’34” N, 13°17’41” W), in the Niokolo-Koba National Park, 
south-eastern Senegal (Figure 2.1.a). The park covers around 9.130 km2, from 16 m to 311 m of 
altitude. A highly seasonal climate characterizes the region. Most of the rainfall occurs during a 
single rainy season, from June until October (from 800 to 1100 mm per year: Madsen et al., 
1996; Mbow et al., 2004). The annual mean temperature varies around 30°C and maximum 
temperatures peak over 45°C. The site comprises different vegetation types. The banks of the 
Gambia River are dominated by dense gallery forests limiting visibility to a few meters. Close to 
the river, several flood plains constitute the “mares”, which are seasonally flooded grasslands 
surrounded by riparian vegetation. The vegetation changes as the distance from water sources 
increases: from gallery forest to large areas of dry deciduous woodlands and different types of 
savanna. Visibility is good in open areas, especially during the dry season. Around Simenti, 
Guinea baboons live sympatrically with other four primate species: Senegal bushbabies (Galago 
senegalensis), West African green monkeys (Chlorocebus sabaeus), Temminck’s red colobus 
(Piliocolobus temminckii), and patas monkeys (Erythrocebus patas). Several potential predators 
inhabit the area despite a decrease in their population sizes during recent decades: lions 
(Panthera leo), leopards (Panthera pardus), African wild dogs (Lycaon pictus), spotted hyenas 
(Crocuta crocuta) and West African crocodiles (Crocodylus suchus) (Di Silvestre et al., 2000; 
Kane, 2014; Ndao and Henschel, 2011). 
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Figure 2.1. a) The location of the field site CRP Simenti, marked as a star inside the Niokolo-Koba 
National Park, in Senegal. b) Home ranges of three study parties in 2013 (fixed 95% and 50% 
kernel density estimations, from Klapproth et al., in prep). 
 
 
2.2. Study subjects 
The community of Guinea baboons around CRP Simenti comprises more than 400 individuals, 
including gangs varying in the degree of tolerance to human presence. The study subjects were 
fully habituated baboons belonging to five parties, forming two gangs (Table 2.1.). Baboons 
could be approached at very close distance, up to 1 m or less, and they were individually 
identified using body features. However, the identification of young weaned individuals (i.e. 
small, medium and large juveniles) was not always possible, due to their rapidly changing body 
features and independence from adults. The home ranges of the parties covered on average 
30.3 km2 of largely overlapping territories (Kernel density estimations 95%, from Klapproth et 
al., in prep; Figure 2.1.b). 
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Table 2.1. Composition of study groups. Party sizes (i.e. total number of party members) varied 
due to births, deaths, disappearances, between-parties transfers of individuals and difficulties in 
recognizing young weaned individuals. 
 
Gang Party Number of units Number of adults Size 
“Mare” “4” 2-3 5 ♂ 3 ♀ 15 
“9” 5-6 12 ♂ 17 ♀ 45 
“10” 1-2 2 ♂ 2 ♀ 8 
“Simenti” “5” 3-4 10 ♂ 9 ♀ 25 
“6” 4-5 12 ♂ 11 ♀ 38 
 
 
2.3. Data collection 
Data collection was conducted from January to August, in 2016 and 2017, for a total of 16 
months, 6 days per week. Observation days started before sunrise (at 6:00 or 6:30) to try to 
locate the baboons at the sleeping site. The selected party of baboons was located by means of 
VHF radio transmitter collars, attached to 1 to 3 adult males per party. The baboon sleeping 
sites always consisted of few tall neighbouring trees, often in densely vegetated areas (e.g., 
gallery forest). The location of the sleeping site changed almost every night within the home 
range of the party. After encountering the baboons, behavioural observations lasted until 14:00, 
allowing a good guess on the whereabouts of the baboons the following morning.  
 
2.3.1. Long-term data 
This study is part of the only long-term research project on wild Guinea baboons. Every day, all 
researchers working at CRP Simenti collect census, rare event, social event, ad libitum, scan and 
20 min focal follows data and faecal samples of the baboons. These data are used to investigate 
the demography, reproductive success, association data, behavioural patterns and more 
(Altmann, 1974). I followed such general data collection protocol. Data were recorded on 
Samsung Note 3 handhelds through installed electronic forms, created using Pendragon 7.2 
software (Pendragon Software Corporation, USA). I integrated the female-male association from 
these general data into my project. This information was then validated analysing focal follows 
and ad libitum data on copulations, grooming bouts, contact-sit bouts and aggressions. Since 
primary male status was determined by the preferential interactions of adult females with the 
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respective male (Goffe et al., 2016), the female-male associations allowed to determine male 
status (primary or other) and unit composition on a daily basis. 
 
2.3.2. Group movement data 
I collected additional data on group movement with the all-occurrence sampling method 
(Altmann, 1974). Two types of events were distinguished during the group movement process: 
group departures and group progressions (see below). The data collection of these events had 
priority over the collection of other data, which was instantly dropped if such events took place. 
During the data collection on group movements, the description of the individuals was founded 
on four characteristics: age, sex, unit identity and individual association. 
 age: individual age categories were based on a visual evaluation of body size, development 
of secondary sexual traits and tooth status. Categories: “infant”, “yearling”, “small 
juvenile”, “medium juvenile”, “large juvenile”, “subadult”, “young adult”, “mature adult”, 
“old adult”. The broader term “adult” individual refers to subadults, young adults, mature 
adults and old adults, and “young” individual refers to infants, yearlings, small juveniles, 
medium juveniles and large juveniles. 
 sex: male or female. 
 unit identity: it is the ID of the unit which an individual belongs to. All members of the 
same unit were labelled with a unit ID, which name corresponds to the name of the unit 
primary male. Non-primary adult males (i.e. secondary and unaffiliated ones) and young 
individuals which could not be unambiguously identified as members of one unit were 
labelled by their own IDs. Unit identity allows analyses on the cohesiveness of unit 
members within the moving party. 
 individual association: this trait includes the delineation of non-primary males (individual 
association = “1”) and primary males (individual association > “1”) and the delineation of 
unit members as members of units with increasing number of females. “1” = non-primary 
adult males, “2” = primary males, adult females and young individuals belonging to a unit 
comprising one adult female, “3” to “7” = individuals belonging to a unit comprising two to 
six adult females. 
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2.3.2.1. Operational definition of group departure 
A group departure occurred when a group of baboons was collectively leaving a confined area 
where they had been stationary for a set time. Most of the previous studies on baboon group 
departures were conducted on morning departures from sleeping sites, because the baboons 
slept almost every day in the same site, most often an open area as a cliff or a plateau (e.g., 
Kummer, 1968a; Byrne et al., 1990; Stueckle and Zinner, 2008; King et al., 2011). Since the 
baboons of the study groups changed sleeping site almost on a daily basis and slept on tall trees, 
mainly in dense forests, regular observations of the morning departure of whole groups were 
not possible. Thus, I collected data on events of group departures throughout the day, 
whenever visibility allowed and certain a priori defined parameters were met. 
The group had to consist of one or more complete units or a complete party, meaning 
that I excluded situations in which some members of the unit were inside the considered area 
and some others were outside. The confined area where the individuals stayed stationary 
before a group departure was named the pre-departure area. The pre-departure area was 
maximum 20 m in diameter. The individuals had to be isolated from conspecifics outside the 
area for at least 20 m, to avoid potential influences on individual movements by proximate 
baboons not considered in the departure event. The measure of 20 m was chosen considering 
five elements. First, analogous studies on other primates used comparable distances: 10 m with 
white-faced capuchins (Leca et al., 2003), 10 m with Tonkean and rhesus macaques (Sueur and 
Petit, 2008a, 2008b), 15 m in red-fronted lemurs (Pyritz et al., 2011a), 11 and 18 m with Barbary 
macaques (Seltmann et al., 2013). Second, body size of Guinea baboons is larger than the 
mentioned species, which justifies an increment of the measure. Third, the measure had to 
allow the observer’s visibility on all individuals in the pre-departure area in the most common 
conditions. Fourth, generally, when the individual was not considerably changing activity, it was 
moving only up to 10 m, whereas when it was changing location and/or activity, it was moving 
more than 20 m. Fifth, the spatial association patterns of adult males of the same party were 
frequently within 20 m, whereas those not of the same party were rarely within 20 m (Patzelt et 
al., 2014). The individuals had to stay stationary, either feeding, resting, or socializing in the pre-
departure area for at least 15 minutes, to ensure a certain degree of independence in timing 
and direction from the previous movement that brought the individuals to that pre-departure 
area (comparably to e.g., Leca et al., 2003; Sueur and Petit, 2008a, 2008b; Pyritz et al., 2011a; 
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Seltmann et al., 2013). I excluded movements prompted by predation risks, alarm calls or social 
interactions such as threats or chases (Figure 2.2). 
 
 
 
Figure 2.2. Example of a group departure. a) Baboons in a pre-departure area (photo by M. 
Klapproth). b) Schematic depiction of a pre-departure area (diameter of the circle ≤ 20 m). c) 
First attempt of initiation of group departure. One individual leaves the area. If no-one follows, 
the attempt is unsuccessful. d) Second attempt. One individual leaves the area. e) Other 
individuals follow the one that attempted. If all individuals follow, the attempt is successful. 
 
 
2.3.2.1.1. Order of departure 
When the parameters mentioned above were met, I voice recorded the identity of all individuals 
moving away from the pre-departure area and the starting time and the direction of their 
movements. The first individual leaving the area was defined as attempting an initiation of 
group departure. The individuals moving away from the pre-departure area in the same 
direction of another one, within a 5-minute interval time, were considered followers. Yet, when 
an individual was directed more than 45° left or right from the direction chosen by the previous 
individual and/or was starting to move away more than 5 minutes after the previous individuals, 
it was coded as attempting another initiation of group departure. Therefore, the initiation 
 49 
 
attempt could be successful, when all individuals in the pre-departure area followed it, or not. 
All individuals of the subject group were hence classified as successful initiators, unsuccessful 
initiators or followers. Unsuccessful initiators were consecutively coded either as followers, 
successful initiator or, again, unsuccessful initiators on the following initiation attempt. Coding 
two successful initiators in one event implied group fission. 
 
2.3.2.1.2. Communicative means 
Data collection focused also on the occurrence of specific individual behaviours addressed in 
previous studies as signals to maintain cohesion and coordinate the group (e.g., Kummer, 1968a, 
1995; Stewart and Harcourt, 1994; Sueur and Petit, 2010; Seltmann et al., 2013). The following 
behaviours were recorded when performed by the individual attempting an initiation and/or by 
other individuals of the subject group: 
 Back glance: once the individual has started to move away from the pre-departure area 
and it looks back in the direction of other group members. Empirically defined as the turn 
of the head of more than 90° towards the direction of the pre-departure area. 
 Branch shaking display: rapid repeated bouncing in place while the individual stands 
quadrupedal grasping a flexible branch, shaking it (Mehlman, 1996). 
 Greeting: “exchange of non-aggressive signals that consist of species-specific behavioural 
patterns, […] ranging from touches and embraces to genital manipulation and same-sex 
mounts” (Dal Pesco and Fischer, 2018, p. 88). 
 Pause: once the individual has started to move away from the pre-departure area and it 
stops moving for more than 2 seconds within the first 20 meters of movement. 
 Vocalizations: individual call, classified per type: keck, grunt, roar grunt, scream, bark, 
wahoo (Maciej, 2013; Fischer et al., 2017). 
 
2.3.2.2. Operational definition of group progression 
A group of baboons travels between locations mostly moving on the ground. The movement 
could be a directed movement in a definable direction or a more disperse and slower movement 
often combined to a feeding activity. A group progression occurred when all individuals of one 
or more complete parties were positioned in an approximate single file and jointly moving in a 
definable direction. Single-file travel progressions occur along both delimited pathways, as roads 
(Figure 2.3.), and extensive open areas. As for group departures, I collected data on events of 
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group progressions throughout the day, whenever visibility allowed and certain a priori defined 
parameters were met. The progressing group had to consist of one or more complete parties. 
The data had to be collected at least 30 minutes after the end of a previous event of group 
progression, to guarantee independence of individual positions between consecutive events. 
 
 
 
Figure 2.3. Example of a group progression. One of the study parties is passing the check point 
in single-file. 
 
 
2.3.2.3.1. Order of progression 
When the parameters mentioned above were met, I advanced a few meters in front of the 
moving group, stopped and set a visual reference on the landscape in front of the coming group 
(check point). When each baboon crossed this point, I voice recorded its identity and time of 
crossing. 
 
2.4. Data analyses 
All models and plots were fitted in R (version 3.5.0; R Core Team, 2018), using RStudio interface 
(version 1.1.383; RStudio Team, 2016). The only exception concerns the representation of 
posterior probability distributions of the order of group progression. These plots were created 
with MATLAB (version 9.4; The MathWorks, Inc., 2018). 
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2.4.1. Group departures 
2.4.1.1. Initiation attempts 
I first tested whether the likelihood of attempting an initiation of group departure was 
influenced by sex, age and/or individual association. To do this, I ran a Generalized Linear Mixed 
Model (GLMM; Baayen, 2008) with a binomial response variable and logit link function. Sex, age 
and individual association were included as fixed effects, individual identity and event as 
random effects (both random intercept components) and time of the day as a polynomial 
predictor variable. To prevent any scaling issue, I applied a z-transformation on the time of the 
day. I used the function glmer provided by the R package lme4 (version 1.1-17; Bates et al., 
2015), setting the optimizer to ‘bobyqa’ to prevent convergence issues. To test if the full model 
fits better than a simpler alternative with a likelihood ratio test (Dobson, 2002), I compared the 
deviance of the full model with the deviance of the model containing only the random effects 
and the time. The p-values for the distinct effects were derived comparing the full model with 
the model reduced of the predictor of interest, using the function drop1, argument ‘test’ set to 
“Chisq”. To get the confidence intervals for the different regression coefficients, I used a 
bootstrap procedure using the function bootMer provided by lme4 (nboots = 1000). In a second 
step, with the same procedure, I tested whether the same set of independent variables was 
affecting the success of the initiation attempts. 
 
2.4.1.2. Interindividual interval times 
In order to approximate distances between individuals and to investigate the individual spatial 
association within the party, I calculated interval times between all dyads of individuals in each 
event comprising one or more parties. To test whether interval times were influenced by unit 
identity, I used a linear mixed model (LMM; Baayen, 2008) into which I included identical or 
different unit identity (i.e. individuals belong or not to the same unit) as fixed effect and 
individual identity for each one of both individuals of the pair as random effects. The model was 
fitted using the function lmer of the R package lme4 (version 1.1-17; Bates et al., 2015). 
I verified whether the assumptions of normally distributed and homogeneous residuals 
were met by visually inspecting a qqplot and a plot of the residuals against the fitted values. 
Because the interval times were highly skewed, they were natural-log transformed. Only after 
the transformation, both plots indicated that the assumptions were met. I tested model stability 
by excluding subjects one by one from the dataset and comparing the model estimate outcomes 
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of these subsets with those outcomes of the full dataset. This revealed no influential subjects. I 
checked the significance of the full model compared to the null model, obtained by dropping the 
fixed effect, with the R function anova (argument test “Chisq”; Dobson, 2002; Forstmeier and 
Schielzeth, 2011). The models were fitted using Maximum Likelihood, rather than Restricted 
Maximum Likelihood, to allow for a likelihood ratio test (Bolker et al., 2008). The p-value for the 
fixed effect was based on a likelihood ratio test comparing the full with the reduced model, with 
the function drop1, argument ‘test’ set to “Chisq” (Barr et al., 2013). Confidence intervals of the 
estimates were obtained with the function confint.merMod of R package lme4. 
 
2.4.2. Group progressions 
2.4.2.1. Order of progression 
I divided the sequence of individuals into equal thirds. This three-way partition allows testing 
the orders of group progressions found in the other studies, such as oldest or dominant 
individuals occupying front positions, or adult males taking place in the front and the back of the 
group. For the statistical comparison between observing an individual Guinea baboon moving in 
the front (first third), middle (second third) or rear (third third) section of a group progression, I 
used a multinomial Logit regression model, with a random intercept (Fahrmeir et al., 2013, 
Chapter 7.5.1., 7.6.2.). Progression-location were coded into three categories (front, middle and 
rear), with the probability of belonging to the category conditioned on explanatory information, 
namely age as a binomial factor: adult and young; and sex and individual association 
summarized in one variable with three terms: female, primary male, non-primary male 
("f_pm_npm"). The model was estimated by means of Bayesian methods. Posterior densities of 
the regression coefficients were obtained from Markov-chain Monte Carlo (MCMC) procedures, 
using the R package MCMCglmm (Hadfield, 2010). From the resulting posterior samples of 
progression-location regression coefficients, the distribution of the relative frequency (i.e. a 
probability denoted with p) to observe a progression-location k = 1, 2, 3, conditional on age = 
adult, was calculated as: 
 
P𝑠(progression − location = 𝑘|age = 𝑎𝑑𝑢𝑙𝑡) =
exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑘)
∑ exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑗)
3
𝑗=1
, 
 
where adult is the reference category of the binary age factor, and as: 
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P𝑠(progression − location = 𝑘|age = 𝑦𝑜𝑢𝑛𝑔) =
exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑘 + ?̂?𝑦𝑜𝑢𝑛𝑔,𝑘)
∑ exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑗 + ?̂?𝑦𝑜𝑢𝑛𝑔,𝑗)
3
𝑗=1
, 
 
for age = young, where coefficient βyoung,k is the coefficient for changing the age factor from 
adult to young. 
Following the same procedure, the distribution of relative frequency to observe 
progression-location k = 1, 2, 3, conditional on f_pm_npm = female, was calculated as: 
 
P𝑠(progression − location = 𝑘|f_pm_npm = 𝑓𝑒𝑚𝑎𝑙𝑒) =
exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑘)
∑ exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑗)
3
𝑗=1
, 
 
where female is the reference category of the f_pm_npm factor, and as: 
 
P𝑠(progression − location = 𝑘|f_pm_npm = 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒) =
exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑘 + ?̂?𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒,𝑘)
∑ exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑗 + ?̂?𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒,𝑗)
3
𝑗=1
, 
 
for f_pm_npm = primary male, where coefficient βprimary male,k is the coefficient for changing the 
f_pm_npm factor from female to primary male, and as: 
 
P𝑠(progression − location = 𝑘|f_pm_npm = 𝑛𝑜𝑛𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒) =
exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑘 + ?̂?𝑛𝑜𝑛𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒,𝑘)
∑ exp(?̂?𝑓𝑒𝑚𝑎𝑙𝑒,𝑗 + ?̂?𝑛𝑜𝑛𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑚𝑎𝑙𝑒,𝑗)
3
𝑗=1
, 
 
for f_pm_npm = non-primary male, where coefficient βnonprimary male,k is the coefficient for 
changing the f_pm_npm factor from female to non-primary male. 
Index s = 1, …, S denotes the sample from the posterior density. To ensure the 
identification of the model, one progression-location category k ∈ {1, 2, 3} has to be selected as 
a reference category (Fahrmeir et al., 2013, Chapter 6), which I selected as front. 
For the Bayesian model fitting algorithm, all prior distribution assumptions were kept 
unchanged with respect to default options (namely Gaussian and inverse Gamma priors). MCMC 
sampling from the posterior distribution was performed for 40 000 iterations, with 15 000 burn-
in iterations and a thinning by each 10th iteration. Therefore, the final posterior is based on 
2,500 draws. I extracted posterior densities for the probability to belong to each third, for a 
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given age and/or f_pm_npm class, and high posterior density intervals to further describe the 
effect of age and f_pm_npm on the probability to belong to a given progression-location 
category. 
 
2.4.2.2. Interindividual interval times 
Once more, I investigated the spatial association within the progressing party. To approximate 
distances between individuals, I extracted interval times between all dyads of individuals in each 
event of group progression. To test whether interval times were influenced by unit identity, I 
used the same procedure applied to the dataset of group departures (see content 2.4.1.2.). 
 
2.4.2.3. Primary and non-primary males at the edges 
In addition, I ran a post-hoc test to investigate whether non-primary males were occupying edge 
positions during group progressions compared to primary males. To do this, I divided the 
sequence of individuals of the front third and the one of the rear third in two equal parts. I ran a 
GLMM with a binomial response variable and logit link function. I used the function glmer 
provided by the R package lme4 (version 1.1-17; Bates et al., 2015). f_pm_npm was introduced 
as one fixed effect with three terms: female, primary male, non-primary male. Individual 
identity was included as a random effect. Model diagnostics were performed by creating scaled 
residuals through simulations from the fitted model with the function simulateResiduals 
(number of simulations: 1000), provided by the R package DHARMa (version 0.2.0; Hartig, 2017), 
and by plotting the residuals against the predicted response from the model, using the function 
plotSimulatedResiduals, provided by the R package DHARMa. The plot permits to detect 
deviations from uniformity in y-axis direction and performs a quantile regression, which 
provides 0.25, 0.5 and 0.75 quantile lines across the plots. P values for the individual effects 
were based on likelihood ratio tests comparing the full with the respective reduced models (R 
function drop1, Barr et al., 2013). 
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3. Results 
 
3.1. Group departures 
I collected data in 121 events of group departure. The events involved a total of approximately 
1776 participants, either initiators or followers (in 2 events I could individualize only the first 10 
and 29 departing baboons, not the whole departing group). The level of social organization 
taken as subject of data collection varied among events: 33 events involved only 1 complete 
unit, 48 events involved more than 1 complete unit, and 40 events involved 1 complete party (3 
of them more than 1 party). 
 
3.1.1. Initiation attempts 
In total I sampled 146 attempts of group departure: 52 (35.6%) conducted by adult females, 91 
(62.3%) by adult males and 3 (2.1%) by juveniles. Twenty-three attempts of initiation were not 
successful (15.8%) (Table 3.1.). In 2 events, the individuals in the departure area split during 
group departure, after two successful initiation attempts within the same event. The identity of 
the attempting individuals varied greatly across the events. Fifty-eight different individuals 
attempted to initiate a group departure: 28 adult males, 27 adult females and 3 juveniles. The 
individual that attempted the most was a primary male, 11 times, followed by another primary 
male, attempting 7 times, and other 4 primary males and 1 non-primary male, attempting 6 
times each. The 2 females that attempted the most did it 5 and 4 times each. 
 
Table 3.1. The number of initiation attempts according to the level of social organization taken 
as subject of data collection and the sex and the age of the individual attempting to initiate. 
 
departing subject initiation adult female adult male young 
one unit successful 15 16 2 
 unsuccessful 4 1 0 
more units successful 18 32 0 
 unsuccessful 2 6 1 
party successful 9 31 0 
 unsuccessful 4 5 0 
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Overall, the predictors, age, sex and/or individual association, had a clear impact on the 
probability of attempting an initiation of group departure (likelihood ratio test comparing full 
and null model: χ2 = 71.882, df = 6, P < 0.001). More precisely, I found that being a male and 
being an adult strongly increased the likelihood of attempting an initiation. There was no 
significant difference between adult age categories with regard to the frequency with which 
baboons attempt initiations of group departure (Table 3.2., Figure 3.1.). Estimated variance 
components for the random effects were: individual identity = 0.048, and event = 0.000. 
 
Table 3.2. Summary of model results. Estimated coefficients of the effect of the predictors on 
the likelihood of attempting an initiation of group departure, from GLMM. 
 
 Estimate Std. Error CI lower CI upper χ
2 Df P 
Intercept -2.533 0.365 -3.334 -1.816 (1) (1) (1) 
sex Male 1.082 0.229 0.674 1.563 15.878 1 <0.001 
age Old adult 0.255 0.309 -0.468 0.826 66.818(2) 4 <0.001 (2) 
age Subadult -0.029 0.313 -0.785 0.588 (2)  (2) 
age Young adult    -0.224 0.252 -0.763 0.231 (2)  (2) 
age Young -3.630 0.725 -4.555 -2.604 (2)  (2) 
ind. association 0.036 0.078 -0.130 0.188 0.207 1 0.648 
z.time 0.099 0.101 -0.115 0.352 (1) (1) (1) 
I(z.time^2)  -0.053 0.063 -0.239 0.050 0.770 1 0.381 
(1) not shown because of having a very limited interpretation; (2) equal values because they refer 
to different terms of the same variable 
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Figure 3.1. Estimates of the predictors age and sex on the likelihood of attempting an initiation 
of group departure, from GLMM (reference category being “mature adult” and “female”). 
 
Subsequently, I created a dataset with the individuals attempting an initiation of group 
departure. I excluded the attempts made by young individuals, to avoid convergence issues due 
to the low value of age category “young” (3 attempts) compared to the other age categories 
(subadult = 19, young adult = 29, mature adult = 77, old adult = 18). Between the 52 attempts of 
initiation by adult females, 42 of them (80.8%) were successful, while, between the 91 attempts 
of adult males, 79 of them (86.8%) were successful. Once failed, an individual that attempted to 
initiate tried again only 2 times on 23 occurrences of unsuccessful attempts. The comparison of 
the full and null model revealed that the predictors, age, sex and/or individual association do 
not explain the success of an attempt of initiation of group departure (likelihood ratio test: χ2 = 
3.309, df = 5, P = 0.653). 
 
3.1.2. Interindividual interval times 
From the dataset on 121 events of group departure, I then considered only the 40 events 
involving one complete party or more. I calculated the interval times between all dyads of 
individuals within event: 7814 dyads in total. Overall the full model was significantly different 
from the null model (likelihood ratio test: χ2 = 172.81, df = 1, P < 0.001). Specifically, the interval 
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time between two individuals belonging to the same unit was significantly shorter than the 
interval time between two individuals not belonging to the same unit (Table 3.3., Figure 3.2.). 
Estimated variance components for the random effects were: individual one identity = 0.138, 
and individual two identity = 0.023. 
 
Table 3.3. Summary of model results. Estimated coefficients of the effect of belonging to the 
same unit on the interval times between dyads of individuals within event of group departure, 
from LMM. 
 
 Estimate Std. Error CI lower CI upper χ
2 Df P 
Intercept 5.152 0.050 5.049 5.252 (1) (1) (1) 
belonging to same unit -0.551 0.042 -0.632 -0.469 -13.24 7690.287 <0.001 
(1) not shown because of having a very limited interpretation 
 
 
 
 
Figure 3.2. Interval times of dyads in events of group departure. Individuals not belonging to the 
same unit are compared to those belonging to the same unit. 
 
 
3.1.3. Communicative means 
In the 121 departure events, I observed the considered behaviours in 96 events, performed by 
327 participants on, approximately, 1776 participants. Among the 146 initiation attempts, 84 
baboons that were attempting to initiate a group departure performed at least 1 of the 
behaviours of interest. 
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Back glances were performed by 44 individuals while departing in 34 events: 17 adult 
females, 22 adult males, 5 juveniles. Among the individuals which attempted to initiate, 23 
displayed back glances and 19 were successful (82.6%). 
I also observed 70 branch shaking displays, across 38 group departure events. 
Considering that branch displaying can be performed only when the respective individual is in a 
tree, I divided the events according to the number of individuals in a tree or on the ground 
before the departure event. In 54 departure events, at least one adult individual was in a tree 
before departure. During 33 events of these 54 (61.1%), at least one individual branch displayed. 
In the other 67 events (of 121), all baboons involved in the group departure were on the ground. 
In 5 of these 67 departures, 1 or 2 adult males climbed a tree and displayed, before leaving the 
area. The individuals displaying were 64 adult males, 3 adult females, 2 middle juvenile males, 
and 1 small juvenile female. In 24 events, the individual attempted branch display and was 
successful 19 times (79.2%). In 21 events, the first adult male to depart branch displayed. 
Forty-six individuals greeted another individual during 28 group departure events: 18 
adult females, 26 adult males, 2 juveniles. Eighteen greetings were performed by the individual 
attempting an initiation and it was successful 16 times (88.9%). 
Two hundred and one individuals paused during the first 20 m of walk of departure, in 
57 events: 90 adult females, 63 adult males, 48 juveniles. Fifty individuals which attempted an 
initiation of group departure paused and 40 of them were successful (80.0%). 
In 52 group departure events, 96 individuals vocalized while departing: 34 adult females, 
52 adult males, 10 young individuals. In 33 events, the individuals that attempted an initiation, 
vocalized and 28 of them were successful (84.8%). The vocalizations were 61 times “grunts”, 22 
times “roar grunts” (accompanying a branch display), 8 times “wahoos”, twice a “keck” (by two 
females attempting an initiation and passing by their primary males) and once a “bark” (Table 
3.4.). 
  
 60 
 
Table 3.4. The total number of individuals performing the respective behaviour across group 
departure events. The total number is differentiated per age/sex classes. “Initiation att.” shows 
the number of individuals performing that behaviour while attempting to initiate a group 
departure, whereas “successful att.” indicates the number of individuals performing that 
behaviour during a successful attempt of initiation of group departure. 
 
 total adult female adult males young initiation att. successful att. 
back glance 44 17 22 5 23 19 
branch display 70 3 64 3 24 19 
greeting 46 18 26 2 18 16 
pause 201 90 63 48 50 40 
vocalization   96 34 52 10 33 28 
 
 
3.1.4. Anecdotal reports 
As mentioned, the baboons of the study groups changed their sleeping sites almost on a daily 
basis. Often baboons chose to sleep in the dense gallery forest on the riverbanks or along the 
borders of a mare. Sometimes, they chose less densely vegetated areas, farther away from 
water sources. On two days, I found party 5 at sunrise in one specific sleeping area. The 
situation did not match my criteria for data collection because the baboons were spread over an 
area with a diameter larger than 20 m. Members of different units slept in different trees. 
However, the area was open enough to allow visual monitoring of all party members. On both 
days, a very similar series of events took place. Each reproductive unit slept in a different tree 
from the others. The units descended from the trees a few minutes after sunrise and spent 
approximately 30 min at the base of the respective sleeping trees, resting, grooming or playing. 
During this period, few individuals (e.g., an adult female, or a non-primary male) moved 30-50 m 
away from the sleeping trees, without eliciting any reaction from the other individuals. All of a 
sudden, one of the four primary males of the party (the same one on both occasions) stood up 
and started to walk towards the location of another reproductive unit, leaving his unit members. 
After approximately 30 m, he approached another primary male (this individual changed 
between the two events), which, meanwhile, moved a few meters towards the approaching 
male. They both grunted and mutually greeted each other with penis diddles. After greeting, the 
first primary male turned 180°, heading back to the starting point, he passed by his unit 
members grunting and continued walking (Figure 3.3.). When he was 2-3 m away from the other 
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unit members, his affiliated females, their offspring and one non-primary male followed him, 
and all other party members did the same, shortly after. 
 
 
 
Figure 3.3. Greeting captured during one of the two episodes reported. a) Both adult males are 
approaching each other. b) Male-male ritualized greeting interaction: mutual penis diddle. c) 
The male on the right turns 180° and walks away followed by the male on the left.  
 
 
3.2. Group progressions 
I collected data on 100 events of group progression. Seventeen events involved more than one 
party. Party 4 and party 10 were the smallest parties and they were included in the data 
collection only when joining other parties. The number of events in which these parties were 
involved was very low (party 4: 7 events, party 10: 6) compared to those in which party 5, 6 and 
9 were involved (party 5: 47 events, party 6: 27, party 9: 37). Therefore, I excluded the 
individuals belonging to party 4 and 10 from the analyses, to make them comparable between 
parties. Eleven events involved portions of a party (party 9 for 10 times, party 5 one time) and, 
in 6 of them, the progressing group consisted of only 2 units. 
 
3.2.1. Order of progression 
To a visual inspection of the data sampled, every individual appeared capable of occasionally 
occupying all positions of the progression order. However, the order of progression was not 
random. Among all events, the first individual was an adult male 86 times, an adult female 9 
times and a young individual 5 times. The last individual was an adult male 53 times, an adult 
female 25 times and a young individual 22 times. In 4 of the 6 events involving only two units, 
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the 2 primary males were the first and last individual of the order. Overall, the model outcomes 
revealed that age explains at least part of the positioning of individuals during group 
progressions (i.e. 95% posterior density intervals do not include 0; Table 3.5.). 
 
Table 3.5. Summary of model results. The effect of age (adult; young) on the likelihood for an 
individual to take front, middle or rear positions during a group progression. Reference category 
front and adult. 
 
 Posterior mean CI lower CI upper effective sample size P MCMC 
middle and adult -0.338 -0.526 -0.141 538.0 <0.001 
rear and adult -0.247 -0.436 -0.054 574.7 0.001 
middle and young 0.542 0.177 0.886 648.9 0.004 
rear and young 0.430 0.085 0.759 801.0 0.016 
 
From the resulting posterior samples of progression-location regression coefficients (column 
“Posterior mean”), the distribution of relative frequency (i.e. estimated probabilities, Table 3.6.), 
was calculated following the formulas explained in Methods, content 2.4.2. For example: 
probability for an adult to progress in the front 
 
exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑘)
∑ exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑗)
3
𝑗=1
=
1
(1 + exp( − 0.338) + exp(−0.247))
= 0.401, 
 
or, probability for a young individual to progress in the back 
 
exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑘 + ?̂?𝑦𝑜𝑢𝑛𝑔,𝑘)
∑ exp(?̂?𝑎𝑑𝑢𝑙𝑡,𝑗 + ?̂?𝑦𝑜𝑢𝑛𝑔,𝑗)
3
𝑗=1
=  
exp( − 0.247) + exp(0.430))
(1 + exp( − 0.338 + 0.542) + exp(−0.247 + 0.430))
=  0.350 
 
Adults were located definitely more in front positions than middle or rear. It was also more 
likely to find adults in rear positions than in the middle of the group. Young individuals were 
clearly less likely to take front positions compared to the other two categories (Figure 3.4.). 
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Table 3.6. Estimated probabilities to progress in the front middle or rear positions of the file, 
according to age. 
 
 front middle rear 
adult 0.401 0.286 0.313 
young 0.292 0.358 0.350 
 
 
 
 
Figure 3.4. Posterior probability distributions to progress in front, middle or rear positions 
according to age. 
 
I then considered only adult individuals for testing the effect of being a female, a primary 
male or a non-primary male (f_pm_npm) on the position taken by individuals during group 
progressions. Following the same procedure, the model results revealed that also sex and the 
distinction between primary and non-primary males explain variability in the order of group 
progression (Table 3.7). 
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Table 3.7. Summary of model results. The effect of being a female, a primary male or a non-
primary male on the likelihood for an individual to take front, middle or rear positions during a 
group progression. Reference category front third and female. 
 
 Posterior mean CI lower CI upper effective sample size P MCMC 
middle and female 0.057 -0.212 0.303 602.1 0.679 
rear and female 0.050 -0.214 0.313 600.4 0.710 
middle and primary male -0.439 -0.912 0.060 593.8 0.086 
rear and primary male -0.276 -0.755 0.189 541.3 0.262 
middle and non-primary male -1.240 -1.758 -0.817 535.1 <0.001 
rear and non-primary male -0.968 -1.430 -0.563 542.2 <0.001 
 
As for age, I calculated the distribution of relative frequency for sex/male status (Table 3.8.). 
Adult females were occurring more in middle positions of the group progression order, even 
though being quite evenly distributed across thirds. Primary males mainly took front positions 
during group progressions, occurring least in middle positions. Similarly, non-primary males had 
the strongest tendency to move in the front third, occurring in the middle very rarely and less 
than primary males and females (Figure 3.5.). 
 
Table 3.8. Estimated probabilities to progress in the front middle or rear positions of the file, 
according to being a female, a primary male or a non-primary male (calculated from the 
posterior mean values of the model). 
 
 front middle rear 
female 0.321 0.341 0.338 
primary male 0.403 0.275 0.322 
non-primary male 0.586 0.180 0.234 
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Figure 3.5. Posterior probability distributions to progress in front, middle or rear positions 
according to being a female, a primary male or a non-primary male. 
 
 
3.2.2. Interindividual interval times 
I used the same procedure used for the dataset of group departures on the dataset from the 
events of group progression. Again, I excluded the individuals belonging to party 4 and 10 from 
the analyses, to make them comparable between parties. Overall the full model was significant 
as compared to the null model (likelihood ratio test: χ2 = 1119.6, df = 1, P < 0.001). During group 
progressions, as well as during group departures, belonging to the same unit predicted shorter 
interval times between individuals within the event (Table 3.9., Figure 3.6.). Estimated variance 
components for the random effects were: individual one identity = 0.094, and individual two 
identity = 0.075. 
 
Table 3.9. Summary of model results. Estimated coefficients of the effect of belonging to the 
same unit on the interval times between dyads of individuals within event of group progression, 
from LMM. 
 
 Estimate Std. Error CI lower CI upper χ
2 Df P 
Intercept 3.014 0.045 2.924 3.103 (1) (1) (1) 
belonging to same unit -1.087 0.031 -1.148 -1.025 -34.83 7412.423 <0.001 
(1) not shown because of having a very limited interpretation 
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Figure 3.6. Interval times of dyads in events of group progressions. Individuals not belonging to 
the same unit are compared to those belonging to the same unit. 
 
 
3.2.3. Primary and non-primary males at the edges 
As a post-hoc test, the GLMM concerning the front third revealed that non-primary 
males were taking position significantly more in the front half of the first third, as compared to 
females and primary males, which tended to progress in the half closer to the middle of the 
group (Table 3.10.). 
 
Table 3.10. Summary of model results. Estimated coefficients of the effect of being a female, a 
primary male or a non-primary male on the likelihood of progressing in the first half of the front 
third of a group progression, from GLMM. 
 
 Estimate Std. Error χ2 Df P 
Intercept -0.401 0.158 (1) (1) (1) 
primary male 0.460 0.273 25.673(2) 2 <0.001 (2) 
non-primary male 1.321 0.250 (2) (2) (2) 
(1) not shown because of having a very limited interpretation; (2) equal values because they refer 
to different terms of the same variable 
 
The same test applied to the rear third, showed that non-primary males were taking position 
significantly more in the back half of the rear third, as compared to females and primary males, 
which again progressed in the half closer to the middle of the group (Table 3.11.). 
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Table 3.11. Summary of model results. Estimated coefficients of the effect of being a female, a 
primary male or a non-primary male on the likelihood of progressing in the first half of the rear 
third of a group progression, from GLMM.  
 
 Estimate Std. Error χ2 Df P 
Intercept -0.196 0.112 (1) (1) (1) 
primary male 0.227 0.211 17.388(2) 2 <0.001 (2) 
non-primary male 0.976 0.230 (2) (2) (2) 
 (1) not shown because of having a very limited interpretation; (2) equal values because they refer 
to different terms of the same variable 
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4. Discussion 
 
4.1. Group departures in Guinea baboons 
4.1.1. Initiation attempts 
In a group of wild Guinea baboons, the initiation of collective movements appears not to 
concern only one individual or one sex. Not all group members attempted an initiation though. 
Juveniles and infants almost never tried to initiate a group departure (3 attempts in 146). 
Therefore, it seems that adults are the only ones which are able to influence timing and 
directions of group departures. Adult individuals presumably have greater experience and 
knowledge of the home range compared to juveniles. This means that they can develop mental 
maps and preferences for destinations that young individuals probably do not develop yet 
(Noser and Byrne, 2007). Furthermore, an attempt of initiation implies an exposure to the edges 
of the group or even beyond them. In all likelihood younger individuals are more susceptible to 
predation which may lead them to prefer more central, thus safer, positions within the group. 
Among adults, males attempted initiation more often than females. In general, adult 
male baboons weigh twice as much as the other individuals (Cords, 2012), have larger canines 
and carry a grander mantle of hairs. They also are dominant over juvenile males and females 
and adult females, regardless of rank (Bentley-Condit & Smith 1999; Cheney and Seyfarth, 
2007). Because of their larger size compared to adult females and youngsters, adult males may 
have higher absolute nutritional requirements. These needs can motivate males to trying to 
elicit the group to depart towards food resources more frequently. In addition, social dominance 
generally translates into a particularly high freedom of action and influence on the behaviour of 
other group members (King et al., 2009b). De facto, dominance hierarchy usually affects the 
visual attention of group mates such that the highest ranking individuals are observed more 
attentively than others (Pannozzo et al., 2007). As a result, even expressing analogous 
behavioural patterns, dominant individuals would be more influential on group coordination 
than the subordinates. The consensus decision-making process during group departures may be 
one of the social contexts in which an individual can take advantage of its social status to better 
satisfy its interests. Moreover, adult males are less vulnerable to predators because of their 
body size and features such as long sharp canines (Cowlishaw, 1994). Thus, they may be less 
hesitant in moving off and attempting an initiation of group departure than adult females and 
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youngsters. Since mothers are the primary infant caretakers, another possibility is that females 
behave differently when they have a young offspring. Only the adult females in this condition 
may avoid initiating because of the risks of the action for the young one, whereas the other 
females may do it as much as adult males. 
Despite males attempting substantially more initiations, females still attempted in 35.6% 
of the cases and no evidence of difference between sexes was found in the capacity of actually 
triggering the departure of the whole group when moving off. Adult female Guinea baboons are 
in condition of greater spatial and social freedom as compared to other baboon species (Goffe 
et al., 2016; Fischer et al., 2017; see content 1.8.). Considering the influential capacity of 
females, the coordination of group departures appears to be a context where the comparatively 
higher social tolerance of this species emerges. 
Moreover, in my study, the initiation attempt of a group departure was highly likely to 
be successful (123 successful initiation in 146 attempts). This outcome may be the result of 
group members with similar and well synchronized interests. That is to say that previous group 
activities (energy consumption), environmental conditions, time of the day, or other factors 
eventually synchronize individual motivations and thus further activities. Otherwise, there may 
be events of group departure with larger range of choices, in which a more complex consensus 
decision-making process should take place, and events that may involve only trivial, if any, 
decisions about direction and timing of collective movement. For example, once the group has 
already started moving in one known direction, it may stop to rest or feed for a break. At this 
point the group may depart again as soon as one individual moves off in the known direction. Or 
else, the group may briefly split in subgroups. In this case, all members of the subgroup know 
where they have to go for reunifying the group. The subjects of data collection may depart as 
soon as one individual moves in the known direction of the further group members. These 
different conditions likely vary the negotiation and consensus decision-making involved in the 
coordination of the group. Therefore conducting data collection about group departures 
throughout the day, as I did, can potentially confound data from these different kinds of events 
and conceal the processes and patterns of coordination before group departures. 
The attempts of group departure initiation and their success are usually considered as 
expressions of individual influences on the consensus decision-making process (content 1.4.1.; 
e.g., Van Belle et al., 2013; Lee and Teichroeb, 2016). Following this interpretation, Guinea 
baboons partially share the decision-making process. In fact, young individuals do not have the 
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possibility to influence the process of group departure. Adult females and adult males both 
influence the process, which appears only rarely negotiated (i.e. low number of unsuccessful 
initiation attempts). Adult males appear to influence the process more than females, being more 
active in the initiation attempts. 
 
4.1.2. Interindividual interval times 
My data show that the pattern of following a departing group member was not random. When 
one unit member made the move and departed, its unit members tended to follow before the 
members of other units within the party. This suggests that unit members keep spatial 
cohesiveness within the party during group departures. 
 
4.1.3. Communicative means 
In social primates as baboons one would expect information transfer and negotiation during the 
group decision-making process, thus a certain communication in the course of a group 
departure (content 1.4.1.). However, none of the generally considered behaviours, i.e. back 
glances, branch shaking displays, greetings, pauses and vocalizations (content 1.4.1.; Sueur and 
Petit, 2010; King et al., 2011; Seltmann et al., 2016; Kummer, 1995; Boinski, 1993; Fischer and 
Zinner, 2011), appeared to be systematically involved in a departure event. Each one of them 
was coded in less than half of the observed departure events. The only exception might be the 
branch shaking display. If we consider that branch shacking displays can be performed only 
when in a tree and we take into account only the group departures with at least one individual 
in a tree, one or more branch shaking displays occurred in 33 events out of 54 (61.1%). 
Nonetheless, the meaning of this proportion remains obscure without knowing the frequency to 
which Guinea baboons shake branches in other contexts. Moreover, the success of an attempt 
of initiation did not seem to depend on the expression of communication behaviours. While 
attempting an initiation, 84 baboons (out of 146) performed at least one of the five 
communication behaviours considered. Among these individuals, between 79.2% and 88.9% 
(values per each one of the five behaviours) of them were successful (Table 3.4.). These values 
are in line with the overall success rate (84.2%) of initiation attempts in my study. Therefore, 
none of the behaviours increased the chances for an attempting individual of being followed by 
the group. 
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Overall, it seems that one individual simply moving off was sufficient to serve as an 
example and to trigger a group departure. The low rate of occurrence of these potential 
communication behaviours suggests that (i) the decision-making process may be very little 
negotiated. Otherwise, (ii) during the coordination process Guinea baboons could exchange 
information and negotiate by means of (as well) other communication behaviours. These 
behaviours may be difficult for a human observer to detect (e.g., frequency of cues as standing 
up, or grunts by stationary individuals). Besides, (iii) information exchange and negotiation to 
reach consensus among group members may be required only in group departures with a large 
spectrum of choices. As mentioned above, only few events of group departure may need an 
actual group decision-making process, and, in many daily departure events, the timing and 
direction of travel may be already known by the group members (e.g., branch drag displays in 
bonobos occur only before long distance travel, Schamber et al., 2017). Lastly, (iv) whether and 
which communicative means serve to coordinate the group may depend on environmental 
conditions (e.g., King and Cowlishaw, 2009b, Dostie et al., 2016). As branch shaking displays are 
much more likely performed when the group departs from a tree, vocalizations may occur at 
higher rate in densely vegetated areas because visibility is reduced, or in periods of food scarcity 
that lead to larger distances between group members. Furthermore, vocalizations should not be 
uniquely categorized because of the context-specific expressions of the different types (Cheney 
and Seyfarth, 2018). For example, baboons produce particular loud calls (“contact wahoos” or 
“clear barks”) when they lose contact with specific group members or the whole group (e.g. in 
chacma baboons, Fischer et al., 2002; Ey et al., 2007). Differently, baboons use grunt calls during 
various affiliative interactions (reviewed in Rendall et al., 1999). 
 
4.1.4. Anecdotal reports 
Previous studies on baboon group departures often focused on morning departures from the 
sleeping site (Kummer, 1968a; Stueckle and Zinner, 2008; King et al., 2011). In the early 
morning, finding a whole party of Guinea baboons before a group departure, in a situation that 
met my parameters, was nearly impossible. The main reasons were difficulties of seeing all party 
members from one same location, since the groups were spread. However, during the two 
morning departures that I observed primary males initiated the group departure and, just 
before “making the move”, they greeted primary males from a respective second unit. As 
discussed in the previous contents, the data collected following my operational definition do not 
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describe a similar behavioural pattern during group departures. One reason may simply be that, 
most often, Guinea baboons do not follow this pattern when the group is about to depart, but 
they adopt it occasionally. Nonetheless, it may also be that, at least sometimes, group 
departures during the day require different, if any, kind of consensus decisions. The baboons 
may thus purposely follow specific behavioural patterns only when needed. As hypothesized 
above, during a morning departure the group may have to decide when and where to go among 
a spectrum of options, whereas, if already on the way, a group departure may just be the end of 
a break during a travel of known destination for, at least, all adult group members. Despite the 
limited interpretation that a dataset of two samples can provide, these episodes may be of 
relevance when resembling closely the dynamics described in other species, e.g., hamadryas 
baboons (Kummer, 1968a, 1995; see content 4.3.). 
 
4.2. Group progressions in Guinea baboons 
4.2.1. Order of progression 
The results of my study suggest that, when a party of wild Guinea baboons moves in single-file 
progressions, the individuals do not repeatedly take positions following an exact order, but they 
shift positioning across events. Party members can occasionally occur in all positions within the 
line. Nevertheless, group members tend to have a non-random order of progression. Overall, 
age, sex and male status appear to be factors shaping the order of progression. Adult individuals 
occupied clearly more the front than young ones. Young individuals took middle positions more 
often than adults and avoided the front ones the most. Rear positions were occupied slightly 
more often by young individuals than by adults, but the difference was not substantial. Among 
adults, females were quite evenly distributed along the progressing party, yet with a slight 
tendency for central positions. Males were definitely more in front positions and less in central 
positions and this disposition was more pronounced for non-primary males than for primary 
males. Rear positions were quite uniformly occupied by adult females, primary and non-primary 
males. 
On one hand, baboons in front positions may reach the resource at destination before 
and outcompeting the other group members. Consequently, adult males may impose 
themselves in front positions, since they plausibly require a greater absolute amount of food 
than adult females and young individuals because of their larger body size. However, a more 
frequent presence of adult males in rear positions than in middle positions contradicts this 
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hypothesis. On the other hand, baboons in front positions may face higher predation risk (Busse, 
1980). Therefore, adult males may be more numerous at the front and at the rear because they 
are less vulnerable to predators because of to their body size and features (Cowlishaw, 1994). In 
contrast, the positions in the centre of the group are the safest locations (Rhine and Tilson, 
1987; Ron et al., 1996; Hockings et al., 2006). Young individuals and adult females may occupy 
middle positions more often than adult males because of their higher susceptibility to predation 
attacks. One possibility is that adult males end up in peripheral positions to reduce the risks of 
predation attacks to the group, even if they increase their individual risk of being attacked. If the 
individual spatial positioning of adult males is to serve a protective function, the behaviour of 
adult males can be defined as altruistic. The debated topic of altruism refers to social 
interactions between two or more conspecifics and involves actions or traits that are costly for 
the actor and benefit the recipient individual(s) (van Schaik and Kappeler, 2006). Such 
behaviours do not seem reciprocated by the recipients in following actions. Therefore, their 
evolutionary stability is difficult to explain in terms of fitness consequences (extensive discussion 
in Kappeler and van Schaik, 2006). Generally, adult males should gain future higher benefits by 
communally defending weaker individuals of their group than the disadvantage of being at 
higher individual risk during single-file travel progressions. For example, adult females may 
reciprocate these altruistic acts with future affiliative and mating interactions or the other adult 
males may offer coalitionary support in future conflicts. Another possibility is that the local 
adjustments of individual positioning are a response to differences in fearfulness. If adult 
females and young baboons are more fearful, their motivation to take central positions should 
be higher than for adult males. However, adult males place themselves between the threat and 
the group in contexts other than group progressions, e.g., when the baboons detect predators 
or when a human observer inadvertently scares a group member (Kummer, 1968a; Busse, 1980; 
Cowlishaw, 1994; personal observations). Therefore, the hypothesis of an intentional altruistic 
behaviour seems plausible. In addition, Guinea baboons take the rear positions of single-file 
progressions quite independently of age, sex or male status. This outcome may be influenced by 
the individuals that struggle to keep the pace of the others for their impaired physical 
conditions, for instance due to old age, late pregnancy or injuries. Furthermore, as previously 
mentioned, adult females are the primary caretakers of young individuals. Their quite uniform 
distribution may be the result of naturally occupying front positions except when they have to 
keep proximity with their offspring in the centre-back of the group. Another consideration 
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concerns methodological aspects. The division of the order of progressing individuals in three 
parts, which I applied, may be a coarse approximation. In a group of 30 individuals, each of the 
three parts comprises ten individuals. This approach cannot reveal, for example, whether the 
last 10 positions are actually uniformly occupied by two categories of individuals, or the half of 
the partition closer to the centre is taken by one category and the marginal half is occupied by 
the other category. Finer scale analyses on a fluid order of single-file progressions, moreover 
collected on three different groups, would have required a larger dataset. 
 
4.2.2. Interindividual interval times 
In the group progressions that I observed, baboons tended to follow their unit members at 
closer distance than party members of other units. As in case of group departures (content 
4.1.2.), during group progressions, Guinea baboons preserved the spatial cohesion of the unit 
within the party.  
 
4.2.3. Primary and non-primary males at the edges 
Adult males are mainly in the front and they occupy less central positions, where young 
individuals and adult females tend to travel more frequently. Moreover, members of the same 
reproductive unit tend to stay spatially cohesive during group progressions. Hence, since 
primary males should be more interested in staying closer to their female and young unit 
members than non-primary males, primary males should be found close to females and 
offspring in central positions more frequently than non-primary males. My study supports this 
hypothesis when looking at the front and rear thirds of the progressing group. Primary males 
were found closer to the centre than non-primary males. In contrast, non-primary males 
appeared to be the peripheral animals in a group progression of Guinea baboons. 
This pattern of non-primary males in peripheral spatial positions emerged despite their 
apparent spatial integration within the party. Secondary males are usually surrounded by more 
party members than primary males (proximity < 5 m; i.e. higher degree centrality, Goffe et al., 
2016). Also, the tendency of primary males to stay close to their females is apparently 
inconsistent with the high spatial freedom of adult females (56% of the scans there were no 
adult males within 5 m of an adult female; Goffe et al., 2016). One possibility is that the 
resultant spatial patterns may originate from a sort of subordination of non-primary males 
towards primary ones. In chacma baboons, the highest ranking males are those with higher 
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access to mating (Barrett and Henzi, 2008; Anandam et al., 2013). Also in yellow and olive 
baboons, dominance hierarchy is one of the influencing factors on reproductive success (Alberts 
et al., 2003; Danish and Palombit, 2014; Walz, 2016). Even though there is no linear dominance 
hierarchy among adult male Guinea baboons, the social influence of primary males (i.e. males 
with access to reproduction) on other party members may be higher than that of non-primary 
males. Thus, the dichotomy between primary and non-primary males may also express a 
difference in social influence on group members. Primary males may take safer positions closer 
to the centre, leaving non-primary males to the riskier peripheral positions of the group. This 
would also be in line with the hypothesis that dominant individuals prefer safer central positions 
as they can displace competitors from food sources when they arrive after front positioning 
individuals (Farine et al., 2017). Otherwise, the observed spatial pattern during group 
progressions may result from a conflict of interest internal only to primary males between 
occupying front positions, thus obtaining priority access in the new feeding patches, and 
keeping close proximity with their unit members. 
 
4.3. Group departures in a comparative perspective 
In short, the analyses of group departures indicate that adult male Guinea baboons initiated 
group departures more frequently than other group members. Still, adult females initiated 
about one third of departures. Therefore, Guinea baboons seem to partially share the consensus 
decision-making. Furthermore, communication by means of particular behaviours was 
apparently not needed and, once one individual moved off, it had high chances of being 
followed by all group members. As a result, the coordination process during group departures 
did not seem to be negotiated. Individuals did not follow group members randomly but they 
followed their unit members before other party members. 
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Table 4.1. Comparative table of the findings about group departures in baboon species (♂ = ad. 
male, ♂♂ = ad. males, ♀ = ad. female, ♀♀ = ad. females). 
 
Baboons 
(Papio sp.) 
Social system Group departures 
Guinea 
(P. papio) 
Monandric-polygynic multilevel 
Female dispersal 
♂♂ initiate more often than ♀♀, 
unit members stay cohesive0 
Olive 
(P. anubis) 
Polygynandric unilevel 
Male dispersal 
Highest ranking ♂ initiates more often, 
adult group members can influence1. 
Shared decision-making influenced by number2, 
social affiliation influences followership3 
Yellow 
(P. cynocephalus) 
Polygynandric unilevel  
Male dispersal 
♂♂ initiate, 
other group members can influence4 
Chacma 
(P. ursinus) 
Polygynandric unilevel  
Male dispersal 
♂♂ initiate more often than ♀♀, 
♂♂ and ♀♀ have the same success5. 
♂♂ and ♀♀ initiate with same 
frequency and success6, 
Highest ranking ♂ can monopolize the 
consensus decision7. 
Identity and rank influence followership8 
Kinda 
(P. kindae) 
(Polygynandric unilevel  
Male dispersal) 
No data 
Hamadryas 
(P. hamadryas) 
Monandric-polygynic multilevel 
Female dispersal 
Decision-making and initiations by ♂♂, 
others can influence, notifying behaviours, 
unit members stay cohesive9 
0current study. 1 Ransom, 1981. 2 Strandburg-Peshkin et al., 2015. 3 Farine et al., 2017. 4 Norton, 
1986. 5 Stueckle and Zinner, 2008. 6 King et al., 2011. 7 King et al., 2008. 8 Bonnell et al., 2017. 9 
Kummer 1968a, 1968b, 1995. 
 
 The coordination process during group departures conforms, at least partially, to 
findings in all baboon species investigated so far. Studies on olive and yellow baboons described 
the adult males as the major initiators of group departures and adult females as active 
influencers of the decision outcome (Ransom, 1981; Norton, 1986). The highest ranking male in 
olive baboons initiated departures more often than the other individuals. The highest ranking 
female yellow baboon influenced the direction and time of group departures more than the 
other females while departures were started by a male. In both species, the adult group 
members were affecting the decision outcome with communication behaviours like body and 
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gaze orientations or movements to the edges of the group (Ransom, 1981; Norton, 1986; 
content 1.7.1.). In Guinea baboons, the group coordination process differs because it is not 
affected by dominance hierarchy and it does not involve specialized communicative means. In 
fact, dominance hierarchy usually affects the capacity of influencing group mates’ behaviours 
(King et al., 2009b; Pannozzo et al., 2007), but Guinea baboons have apparently no linear male 
dominance hierarchy and their overall social structure appears more tolerant than that of COKY 
baboons. The difference in the performance of communication behaviours during the 
coordination process is more enigmatic, since “social tolerance is predicted to be associated 
with enhanced cognitive skills that underpin communication and coordination” (Joly et al., 2017, 
p. 1). In the course of group coordination, communicative means should be involved or not in 
relation to the need of information transfer and negotiation among group members. Plausibly, 
not all group departures require a consensus decision-making process of the same relevance. As 
discussed above, my dataset includes group departures following certain fixed parameters but 
potentially requiring different patterns and mechanisms of consensus decisions. My data 
collection possibly included only a few, if any, group departures involving relevant 
communication for a consensus decision. In general, differences in data collection and data 
analyses may be a reason for differences in the outcomes. Nonetheless, the decision-making 
process can be generally defined as partially shared, with comparable contributions by adult 
males and females to those found in Guinea baboons. 
In a study of chacma baboons, morning departures were mainly initiated by adult males 
which attempted more than females but had the same success rate (Stueckle and Zinner, 2008). 
As in Guinea baboons, adult chacma baboon females initiated about one third of group 
departures. The observed pattern was mildly influenced by dominance hierarchy, with a trend 
for more dominant individuals to attempt more initiations and make more successful attempts. 
Similar to my study, the analysis of communicative means did not show any signs of negotiation 
during the coordination process (Stueckle and Zinner, 2008). Another study on chacma baboons 
suggested that all adults could initiate group departures and they did so with uniform 
frequencies and success chances, regardless of sex, dominance rank or age (King et al., 2011). 
Hence, these baboons appear to share the decision-making process more equally than the 
baboons of the other aforementioned studies. Anyway, with the highest number of successful 
initiation attempts, the dominant male seemed to have a stronger impact on the consensus 
decision outcome (King et al., 2011). Baboons tended to follow the individuals they were more 
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closely affiliated to (King et al., 2011). Once more, neither vocalizations nor back glances turned 
up mediating the coordination of a group departure, but pauses appeared to have a negative 
effect on eliciting followership (King et al., 2011). The results of a third study concluded that, 
when the dominant male had a firm interest in going to one location, it recurrently directed the 
consensus decision to its own interest (King et al., 2008). The other group members generally 
followed the male, despite the individual cost of spending energy to reach a place where only 
the dominant individual(s) can feed (i.e. consensus costs). The study showed the relevance of 
group cohesion in terms of consensus costs faced by the majority of group members and the 
strong impact of the dominance hierarchy in conditions of strong individual interests. However, 
this pattern is confined to a foraging experiment that restricted food access to very few group 
members (mainly the dominant male). This situation is not common under natural conditions. In 
instances of less extreme conflicts of interests, the dominant individuals may not monopolize 
the consensus decision outcome. Moreover, in this study baboons preferentially followed 
individuals they were socially affiliated to (King et al., 2008). 
In hamadryas baboons, which live in a multi-level nested society as Guinea baboons, 
females of OMUs seemed to coordinate with their primary male and the primary males reached 
a consensus at the clan level (Kummer, 1968a, 1995). Only adult males have been observed to 
take part in the negotiation for the direction and timing of coordinated departures of several 
OMUs. Kummer (1968b) described the negotiation process as an initiator-decider (ID) system. 
Younger adult males were apparently more active in attempting initiations of group departures 
(initiators), but older adult males seemed to decide when and where to go (deciders; Kummer, 
1968b). Hence, the decision-making process during group departures from the sleeping site can 
be defined as partially shared. With older males being the deciders, age among adult males 
seemed to have an effect that I did not find in Guinea baboons. Adult hamadryas males 
appeared to communicate during the process. The most common interaction was the notifying 
behaviour: approaching another individual followed by the presentation of the hindquarters and 
leaving again (Kummer, 1995). Although this ritualized greeting is used also in other contexts, 
(e.g., conciliations among rivals) during morning departures, the function seems to be an 
invitation for the recipient to come along. The rate of expression of notifying behaviours 
increased considerably during morning departures as compared to other contexts (Kummer, 
1995). The description of the morning departures in hamadryas baboons is very similar to the 
two morning departures that I observed in Simenti. Only primary males appeared to be involved 
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in interactions between the different units and the males greeted each other as to elicit the 
recipient to follow. The degree of intimacy during the greeting changed from presenting the 
hindquarters to a mutual penis diddling, which is in consonance with the findings about general 
greeting behaviours in the two species. In hamadryas baboons, adult males do not usually greet 
with physical contact, while male Guinea baboons do in 93% of the cases (Dal Pesco and Fischer, 
2018). In contrast to hamadryas baboons, adult females initiated group departures (34.2% of 
successful initiation). Adult females induced the followership of their males and other unit 
members and, occasionally of the whole party. The differences between the group coordination 
in hamadryas and Guinea baboons may be due to different methods of investigation. The 
description of the hamadryas group departures concerns only morning departures from the 
sleeping site, whereas my observations on Guinea baboons do not include group departures 
from the sleeping site, but from sites where they had been stationary during the day, feeding, 
resting or socializing. Kummer and Stolba were puzzled about how clans of the same band could 
systematically depart together from the same sleeping site, separate for hours and re-unite at 
noon at the same waterhole despite several ones being available in the area (Kummer, 1995). 
They suggested that the decision about the general destination for the day was reached at the 
sleeping site, before splitting simply by the direction in which the baboons departed (Kummer, 
1995). It has not been explored yet whether hamadryas baboons leave adult females to 
occasionally initiate a group departure after a break along the way to an already known final 
destination. As already mentioned, the “matters” a group of baboons has to decide upon may 
vary from one group departure to another. It is plausible that the decision-making process may 
impact baboons’ life more when the group has to decide direction and timing of group 
departure than when the group has stopped to rest or feed half way to a destination already 
agreed previously. Group departures from the sleeping site are more likely to fall into the first 
situation, whereas the group departures during the day, as those I observed, may not need 
elaborate, if any, consensus decision-making. This hypothesis is supported by the few morning 
departures that I witnessed. There, the involved mechanisms seemed similar to those in 
hamadryas baboons. Instead, the group departures implying attempts and initiations by females 
are supposed to have little margin of options. When the group already knows their next 
destination, it is not a question of where and when to go but, in case, of only when to go. Thus 
any adult may have equal chance of being the first one to move and being followed. Moreover, 
many group departures of Guinea baboons involved less than one party (66.9% of events), 
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despite the fact that the whole party is cohesive most of the time. This means that the baboons 
of the party that I studied often temporarily split, by at least few dozen meters, to reunite later 
in the day. During these fission-fusion dynamics of the parties, adult baboons appear to know 
where their party members are located. In the case that all adult baboons know where the other 
party members are, every adult may be able to move and be followed in order to reach the 
other baboons. A second possibility is that adult female Guinea baboons may impact the group 
decision-making because of the higher degree of social tolerance of Guinea baboons compared 
to hamadryas baboons. Precisely female Guinea baboons are not coerced to maintain constant 
close proximity to their males (higher spatial freedom) and they can avoid advances by adult 
males (greater leverage in their association patterns) (Goffe et al., 2016). This freedom of 
movement and choice of adult female Guinea baboons may also be reflected in the group 
movement context. They may attempt to initiate group departures because they are free to 
move away from the other group members, their primary male included, in contrast to what 
happens in hamadryas baboons. If this is the case, their frequency of initiation attempts could 
be potentially equal to the one of adult males and lowered only by their greater involvement in 
offspring caretaking. 
Few recent studies analysed individual movements by means of GPS devices and 
inferred the mechanisms underlying the consensus decision-making (e.g., Strandburg-Peshkin et 
al., 2015; Bonnell et al., 2017; Farine et al., 2017). One study found that the movement of each 
chacma baboon was more influenced by the movements of specific individuals than by the 
trajectory of the whole group (Bonnell et al., 2017). Thus, followership was not random but 
individualized, since individuals tended to follow specific group members more than others. 
Precisely, individual movements were biased by the dominance hierarchy in the group since the 
movements of lower ranking animals were more influenced by the movements of higher ranking 
individuals (Bonnell et al., 2017). In addition, some individuals were more influential than others 
on the movements of group members, independent of age (among adults), sex or social status 
(Bonnell et al., 2017). This suggests that differences in individual temperament may affect the 
consensus decision outcome during collective movements (Bonnell et al., 2017). The other study 
of this kind worked on a group of olive baboons with GPS collars (Strandburg-Peshkin et al., 
2015). During collective movements, the influence on individual movements was not affected by 
sex, age (only adults were collared) or dominance hierarchy, suggesting that the consensus 
decision-making was highly shared among group members (Strandburg-Peshkin et al., 2015). 
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Also here, individuals tended to follow group members with whom they were strongly socially 
affiliated (Farine et al., 2017). The benefits of a GPS based approach are that it can be applied 
both to situations when the group is initially stationary, and when it is already moving. However, 
this approach targets finer scale consensus decision than the more traditional approaches 
focusing on group departures (Strandburg-Peshkin et al., 2018). The aim of these newer studies 
is to understand the characteristics of the individuals proposing a direction and the conditions 
under which they succeed to be followed or not. What is peculiar is the focus is on the 
negotiation among moving group members on a finer spatiotemporal-scale, e.g., going one way 
or another around an obstacle. In contrast, the traditional approach focuses on stationary 
situations where the baboons have to decide when and where to move off, supposedly 
targeting a destination out of sight and over a longer time-scale. The scale of the decision can 
impact the mechanisms underpinning the decision-making process and makes the results of the 
two approaches hardly comparable (Strandburg-Peshkin et al., 2018).  
 
4.4. Group progressions in a comparative perspective 
Whether baboons move in a random progression order across events or whether the group 
members follow a recurrent order has long been matter of investigation (Rhine, 1975; Altmann, 
1979). The only study documenting a chaotic order of progression was then proved using 
questionable statistical analyses (Altmann, 1979; Rhine and Westlund, 1981). The emerging 
pattern of progression order of Guinea baboons consists of adult males occupying mainly front 
positions, the centre of the group represented more by adult female and youngsters, and rear 
positions quite evenly taken by all categories of baboons. In addition, members of the same unit 
generally travelled spatially and temporally close to each other and non-primary males occupied 
peripheral positions significantly more than primary males. 
 
 82 
 
Table 4.2. Comparative table of the findings about group progressions in baboon species (♂ = 
ad. male, ♂♂ = ad. males, ♀ = ad. female, ♀♀ = ad. females). 
 
Baboons 
(Papio sp.) 
Social system Group progressions 
Guinea 
(P. papio) 
Monandric-polygynic multilevel 
Female dispersal 
Front: ♂♂  
Middle: ♀♀ and young 
Rear: ♂♂, ♀♀ and young 
Unit members stay cohesive, 
non-primary ♂♂ take peripheral positions0 
Olive 
(P. anubis) 
Polygynandric unilevel 
Male dispersal 
Front: ♂♂  
Middle: ♀♀ and young 
Rear: ♂♂, ♀♀ and young 
Yellow 
(P. cynocephalus) 
Polygynandric unilevel  
Male dispersal 
Front: subordinate ♂♂  
Middle: dominant ♂♂, ♀♀ and young 
Rear: subordinate ♂♂1 
Front: dominant ♂♂ 
Middle: young 
Rear: subordinate ♂♂, old and sick 
♀♀ equally distributed from front to back2 
Chacma 
(P. ursinus) 
Polygynandric unilevel  
Male dispersal 
Front: subordinate ♂♂  
Middle: dominant ♂♂, ♀♀ and young 
Rear: subordinate ♂♂1 
Front: ♂♂  
Middle: young 
♀♀ equally distributed from front to back3 
Kinda 
(P. kindae) 
(Polygynandric unilevel  
Male dispersal) 
No data 
Hamadryas 
(P. hamadryas) 
Monandric-polygynic multilevel 
Female dispersal 
Front: ♂♂ (more young primary♂♂) 
Middle: ♀♀ and young 
Rear: ♀♀ and young (more old primary ♂♂)4 
0current study. 1 DeVore and Washburn, 1963. 2 Rhine, 1975; Rhine and Westlund, 1981; Rhine 
et al., 1981. 3 Rhine et al., 1985; Rhine and Tilson, 1987. 4 Kummer 1968a, 1968b, 1995. 
 
Yellow, chacma and olive baboons have been reported to keep non-random positioning 
patterns while travelling in single-file progressions. Both yellow and chacma baboons were 
initially described progressing with subordinate adult males at the margins, dominant males, 
adult females and young individuals in the centre and older juvenile males in-between these 
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two sections (DeVore and Washburn, 1963). The indicated description is part of a much broader 
study on the behaviour and ecology of baboons. Even though such report on yellow and chacma 
baboons was not systematic and with a large dataset on single-file group progressions, the 
pattern described has several points in common with the findings of several other studies (e.g., 
Rhine and Tilson, 1987; Kummer, 1968a, 1995), including the current one on Guinea baboons. 
As in other studies, these yellow and chacma adult male baboons are described at peripheral 
positions and adult females and young individuals are mainly in the middle. Furthermore, the 
difference in spatial positions due to the male social rank (i.e. higher ranking central and lower 
ranking peripheral) may be related to the difference in spatial positioning between primary and 
non-primary male Guinea baboons, due to the aforementioned inference of a difference in 
social influence depending on male status. Group progressions of wild yellow baboons turned 
into main study subjects a few years later. In the course of group progressions, dominant males 
took position mainly in the front, subordinate males and sick/older individuals occupied the rear 
and adult females were spread across front, middle and rear positions (Rhine, 1975; Rhine and 
Westlund, 1981). Subsequently, the analyses on yellow baboon group progressions focused on 
younger individuals and found that small juveniles took central positions and larger juveniles 
tended more to front ones (Rhine et al., 1981). Despite some differences, the general pattern 
observed in progressing yellow baboons resembles the one of Guinea baboons. First, adult 
males occupy more frequently the front and, to a lesser extent, the rear. Second, adult females 
are quite uniformly spread from the front to the back. Third, young yellow baboons appear to 
travel more in central positions than adults. In contrast to the study on yellow baboons, my 
analyses on group progressions did not differentiate between small juveniles and larger ones. In 
any case, it is most likely that, as individuals get older, they start to progressively move in 
positions other than the central ones, especially in the case of males. Another study focused on 
spatial positioning in yellow baboon groups combining all kinds of travelling instances, in 
contrast to single-file progressions only (Collins, 1984). Once more, adult males were seen 
mostly in the front of the group, but in this study no effect of dominance rank was found. Rear 
positions were again taken by individuals with lower mobility, like a late-stage pregnant female, 
a sick female or the oldest male (Collins, 1984). As yellow baboons, also chacma group 
progressions were further analysed in later studies and showed points of similarity (Rhine et al., 
1985; Rhine and Tilson, 1987). Adult chacma baboon males predominantly occupied front 
positions, but they were about uniformly distributed in central and rear positions. Young 
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individuals more frequently occupied central positions and adult females were equally spread 
across front, middle and rear positions. The pattern of progressing order is again comparable to 
the pattern in Guinea baboons. The only difference concerns the tendency of primary and non-
primary male Guinea baboons to occupy rear positions more than central ones. This difference 
may be due to predation pressure. The authors that obtained these findings on chacma baboons 
mentioned a high presence of lions, also documented by Busse (1980). This population of 
chacma baboons may have adapted their pattern of progression order to discourage lion 
attacks, which happen usually from the front (Busse, 1980; Rhine et al., 1985; Rhine and Tilson, 
1987). Some studies investigated group progressions also in olive baboons. They confirmed the 
tendency for adult males to travel mainly in front positions and, to a lesser extent, in rear 
positions (Rhine et al., 1985; Rhine and Tilson, 1987). 
Another study on chacma baboons focused on spatial patterns while foraging (Bonnell et 
al., 2017). In addition to the difference in context, which is foraging and not travelling, this study 
differed in the kind of data gathered and analysed. Instead of traditional observational data, it 
considered GPS data manually collected at regular intervals for each adult member. Bonnell and 
colleagues (2017) emphasized the fluidity of the spatial organization within the group. They also 
noted a tendency for dominant individuals to occupy more central positions. In particular, high 
ranking females took positions closer to the centre. To some degree, these observations are 
similar to the difference in spatial positioning that I found in Guinea baboons. Primary males are 
the individuals with access to mating, as dominant chacma baboon males, and they were found 
closer to the central positions than non-primary males, which are adult males without access to 
mating as low ranking chacma baboons. In Guinea as in chacma baboons, adult females were 
found in central positions more often than adult males. Differently from the study on chacma 
baboons, in a study by Strandburg-Peshkin et al. (2015) and Farine et al. (2017), almost all adult 
members of the troop were equipped with GPS collar and data collection was thus automatized. 
Also, not only single-file group progressions but all collective movements were analysed. 
Individual positioning was found to be highly dynamic. Dominant and subadult (the youngest 
individuals they had data of) baboons tended to occupy locations closer to the centre of the 
group, irrespective of sex (Farine et al., 2017). The results on group progressions of Guinea 
baboons are, at least to some extent, in line with these findings on more general collective 
movements. In fact young Guinea baboons and primary males are closer to the centre than non-
primary adult males. 
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When a travelling hamadryas baboon group comprised several OMUs, adult and 
subadult males appeared to favourably occupy front positions, without a preferential difference 
between middle and rear positions. Younger adult males were reported more at the front and 
older ones more at the rear of the group (Kummer, 1968a, 1968b). My study did not test for 
adjustments of individual positioning in response to finer age categories than adult and young. 
Overall, hamadryas baboon progression order seems alike the one of chacma baboons under 
particular predation pressure, precisely from lions (Busse, 1980; Rhine et al., 1985; Rhine and 
Tilson, 1987). As well as for chacma baboons, the positioning pattern during progressions of 
Guinea baboons may differ also because of a lower predation pressure by lions as compared to 
hamadryas baboons. An anecdotal report describes the positioning of hamadryas baboons 
during a single-file progression moving off from their sleeping site. The group comprised only 
two OMUs isolated form other baboons. After a process of consensus decision-making engaging 
only the two adult males, all baboons left in a single-file progression. The youngest primary male 
was the first individual and the oldest was the last baboon of the progression (Kummer, 1968a, 
1995). During my period in the field, I was able to work a few times with two units because the 
subject party had split. In these situations, the pattern of progression order was identical to the 
positioning described for hamadryas baboons in 4 out of 6 events: the primary males in the first 
and last positions of the group. 
 
4.5. The social factors affecting group movements: the case of baboons 
Several of the reported studies on animal collective movements indicated the characteristics of 
the society as important influencing factors on the patterns and mechanisms of group 
coordination (e.g., Trillmich et al., 2004; Sueur and Petit, 2008a; Jacobs et al., 2011b; Tokuyama 
and Furuichi, 2017; contents 1.4.1.1., 1.4.1.2., 1.4.2.). For example, it has been hypothesised 
that dominant individuals usually have a greater influence on the decision-making process in 
despotic species, and a more shared process takes place in egalitarian species (Leca et al., 2003; 
Sueur and Petit, 2008a; Seltmann et al., 2013). Baboons differ in several aspects of their social 
system across species: unilevel or multilevel social organization, different degrees of social 
tolerance, different mating systems and dispersal patterns. They also present some conserved 
characteristics across species, like adult male dominance over other group members. The 
relations between the characteristics of a species’ social system and its process of group 
coordination are difficult to disentangle. The main issue is the multifaceted nature of both social 
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system and group coordination. Social systems can differ according to the social organization, 
social structure, mating system and/or offspring care system (Kappeler and van Schaik, 2002; 
Kappeler, 2019; content 1.3.) and group coordination can be distinguished in aspects of 
consensus decision-making to depart or to terminate, collective movements at larger or smaller 
scales, joining process or followership, order of progression and possibly others (Pyritz et al., 
2011b; Strandburg-Peshkin et al., 2017; Sueur and Petit, 2008b; Rhine and Tilson, 1987). 
Comparing closely related species narrows the potential influencing factors due to a minor 
variability in the physiology, ecology and behaviour between species (content 1.3.). 
 
4.5.1. The social factors affecting group departures 
The study of group coordination in Guinea baboons aimed to analyse group departures in a 
baboon multilevel social organization. Such a social organization is also found in hamadryas 
baboons and appeared to affect the coordination process (Kummer, 1968a). OMU members 
seemed to coordinate with their own primary male and the primary males reached a consensus 
at the clan level (Kummer, 1968a, 1995). In the aforementioned anecdotal reports from Simenti 
there are important similarities with hamadryas baboons. Differently, the results from the larger 
dataset on group departures of Guinea baboons did not show many similarities with the 
coordination process of hamadryas. These analyses indicated that females could induce the 
followership of their males and, occasionally of the whole party. Probably such difference may 
be due to different kinds of group departures considered in the studies: “from the sleeping site” 
and “only departures of second social level entities (clans or parties)” in hamadryas baboons 
versus “all along the day journey” and “departures of first and second social level entities (units 
and parties)” in Guinea baboons. 
Following the description of the morning departures of hamadryas baboons, the 
multilevel organization may also have an impact on the behaviours shown during pre-departure. 
In a group capable of recurrent splitting and without a linear dominance hierarchy among males, 
individuals could require more complex coordination mechanisms, involving communicative 
means. In contrast, unilevel groups of olive, yellow and chacma baboons seem to avoid the use 
of communication behaviours to coordinate a group departure. Instead, they apparently use a 
simpler rule-of-thumb such as following the closest affiliated individuals (King et al., 2011). The 
absence of a consistent use of communicative signals in my study contradicts this supposed 
relationship between multilevel social organization and presence of communication behaviours. 
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However, the different procedure of data collection could have led to conceal the use of signals 
in the group departures where it is actually required. Consequently, it could also shield the 
relation between social organization and communicative means involved in group coordination. 
 The social organization of Guinea baboons shapes the spatio-temporal cohesiveness of 
individuals while departing. As the analysis of the interval times between departing individuals 
revealed, same-unit members stay close to each other within the party. Such a result has also to 
be considered as influenced by the social structure, since, for a Guinea baboon, the members of 
its unit are usually its closest affiliated individuals within the party. 
All studied baboon species share, to various degrees, a higher influence of adult males 
than other group members on the coordination process of group departures. This result is in line 
with the larger body size, as a proxy for decreased predation risk, and social dominance of adult 
males on group members of other age-sex categories. Also, different social structures may be a 
reason for the supposed higher influence of adult female Guinea baboons in the patterns of 
group departure as compared to hamadryas baboons. Guinea baboons show more tolerant 
social relationships than hamadryas baboons, with more intense affiliative interactions and rarer 
conflicts within and between sexes (Patzelt et al., 2014; Kalbitzer et al., 2015; Goffe et al., 2016; 
Fischer et al., 2017). On the contrary, in hamadryas baboons the OMU reproductive male 
impedes to adult hamadryas baboon females to move away from them (Kummer, 1968a; Polo 
and Colmenares, 2012; Goffe et al., 2016), thus it might be difficult for an adult female to move 
off and initiate a group movement. In addition, the difference in social structure between 
Guinea and hamadryas baboons may have driven to the different kinds of communication 
behaviours. During morning departures, the kinds of greeting that Guinea baboons may use to 
elicit followership seemed physical and intimate (content 3.1.4.), whereas in hamadryas they 
appeared not to involve physical contact (Kummer, 1995). This is in line with a more general 
difference in greeting behaviours between the two species (Dal Pesco and Fischer, 2018). 
In macaques, the social dominance hierarchy can affect the expression of 
communicative means, since dominant individuals do not need to signal their intentions as 
subordinates do (Sueur and Petit, 2008a). In baboons, adult males are generally assumed 
dominant over females, so one would expect females to communicate their intention to move 
more frequently than males. In Guinea baboons, however, there is no difference between sexes 
in the performance of the communication behaviours during the initiation of group movements. 
In a sense, this result contradicts the general dominance of adult males over females in Guinea 
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baboons and aligns with a particularly tolerant social structure already shown in other contexts 
than group departures. On another note, the apparent absence of communication behaviours in 
the coordination process of Guinea baboons contrasts with the hypothesis that social tolerance 
should be associated with enhanced communication actions to coordinate (Joly et al., 2017). 
Sex dispersal is often indicated as one of the driving factors in the influence on the 
timing and direction of collective movements (e.g., lemurs, Pyritz et al., 2011a; Thrillmich et al., 
2004) because the philopatric sex should possess a better territorial knowledge of the group 
home range, and therefore have a higher influence (Pyritz et al., 2011a). Kummer (1968) already 
expected a major female influential role in the coordination processes of the other baboon 
species, which presented male-biased dispersal in contrast to hamadryas baboons. In macaques 
and baboons, sex-biased dispersal does not seem to impact the coordination process. Probably, 
in these species the knowledge of the home range and its resources does not differ much 
between philopatric and dispersing individuals. 
 
4.5.2. The social factors affecting group progressions 
In addition to group departures, I explored the order of group members during single-file 
progressions. Particular similarities were found between hamadryas and Guinea baboons, the 
species organized in a multilevel social system. In hamadryas baboons, it was suggested that, 
when the travelling group is small, for instance only two OMUs, the order of progression is 
recurring, with one adult male at the front and one adult male at the back, but, when the 
travelling group is larger, the order of progression is more flexible and the adult males in front 
positions exceed those in the back. I found some evidence of a similar pattern but a larger 
dataset is needed to confirm it. Additionally, I found that the order of progression reflected the 
multilevel social organization of the species with members of the same unit travelling cohesively 
within the party, as during group departures. 
More generally, across studies on baboon group progressions, there seems to be a 
recurrent pattern of individual positioning concerning adult males that preferentially occupy 
front positions and, frequently and to a lesser extent, rear positions. The results of this study are 
in line with this pattern. In several species front positions during travel appear to be taken 
because of nutritional requirements (e.g., geladas, Dunbar, 1983; Milne-Edwards' sifakas, 
Propithecus edwardsi, and red lemurs, Eulemur rufus, Erhart and Overdorff, 1999; white-handed 
gibbons, Barelli et al., 2008). Frontward positions may permit directional guidance to desired 
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destinations and allow priority access to food resources at destination. Therefore, dominant 
individuals may take advantage of their social influence to satisfy their interests. This hypothesis 
was strongly supported by the foraging experiment on chacma baboons (King et al., 2008). This 
hypothesis is also corroborated by the social dominance of adult male baboons over all other 
age-sex categories, independently of species-specific social characteristics. This would not 
explain why adult males have often been reported more at the back of the group than in central 
positions (although always being even more frequently in the front than in the back). In 
addition, seeing front positions as simply advantageous would neglect the idea that front 
positions are the most dangerous (Rhine and Tilson, 1987; Busse, 1980; Bumann et al., 1997). 
Therefore factors other than, or additionally to, social characteristics should play a role in 
shaping a progression order as the one recurring across baboon species (see content 4.6.). 
 As dominant individuals are often reported to take front positions, in some studies they 
are reported to occupy central positions too, leaving subordinates to the peripheries (e.g., 
DeVore and Washburn, 1963; Bonnell et al., 2017; Farine et al., 2017; Morrell and Romey, 2008). 
This spatial pattern is frequently explained as the outcome of an individual interest for safety. As 
mentioned above, peripheral positions are more exposed to predation pressures and dominant 
individuals may use their social status to gain safer positions. When Guinea baboons were 
travelling in single-file progressions, I observed primary males taking positions closer to the 
centre of the group than non-primary males. Considering the positive relation between 
reproductive success and dominance found between males of other baboon species (especially 
in chacma baboons: Barrett and Henzi, 2008; Anandam et al., 2013; but also in yellow and olive 
baboons: Alberts et al., 2003; Danish and Palombit, 2014; Walz, 2016), primary male Guinea 
baboons, reproductively more successful, may be generally dominant over non-primary males, 
reproductively less successful, despite the absence of a linear dominance hierarchy among 
them. Hence, primary males may seek safer positions and be able to leave non-primary males at 
the edges as expression of their dominance social status. However, such interpretation would 
call into question other factors than social structure to explain the overall higher presence of 
adult females and young individuals than adult males in middle positions, since adult males are 
generally considered socially dominant over the other age-sex categories across baboon species 
(Bentley-Condit & Smith 1999; Cheney and Seyfarth, 2007). 
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4.6. Other factors potentially affecting the coordination of group movements 
The overview about group coordination in baboons shows some interesting similarities across 
species, such as a preeminent role of adult males in initiating group movements or their 
prevalence over other age-sex categories in the front positions of a progressing group; but also 
some differences within and between species, like chacma baboons showing both shared and 
unshared decision-making, depending on food distribution, or a progression order with a 
prevalence of adult males in front, as compared to central and back positions, in contrast to a 
greater number of adult males in front and, to a lesser extent, back positions, as compared to 
central ones. These consistencies and differences are suggested to be shaped by some non-
social factors. In general, a group of animals should be able to respond “optimally” to 
environmental contingencies. The two major contingencies are the distribution of resources and 
predators in space and time (van Schaik and van Hooff, 1983). 
Baboon group coordination appears constrained by food availability. The studies on 
chacma baboons (King et al., 2008) showed that an artificially clumped food distribution can 
alter a normally partially shared decision-making (Stueckle and Zinner, 2008) to unshared 
decision-making, with a strong impact of the dominant male, since he is the individual which 
benefitted most from the clumped food resource (King et al., 2008, 2011). 
Likewise, whether as a result of cooperative behaviour or differences in fearfulness, the 
recurrent emerging pattern of progression order seems influenced by predation risks. Both 
chacma and yellow baboons progressed with adult males mainly in front positions and, to a 
lesser extent, rear positions. Nevertheless, when the group was moving out of an area of severe 
fright, the baboon showed a completely reversed pattern than the usual one, with more adult 
males in the back of the group (Rhine and Tilson, 1987). Moreover, one population of chacma 
baboons consistently showed more adult males in front positions, with no difference in adult 
males between central and rear positions (Rhine et al., 1985; Rhine and Tilson, 1987). This order 
was probably due to a particularly high risk of lion attacks compared to the areas where the 
usual pattern of progression was found (Rhine et al., 1985; Rhine and Tilson, 1987). 
Other individual aspects have been commonly pointed out as influencing factors of 
group coordination processes, such as the physiological state or personality traits. Certain 
individual conditions could impact the individual influence on the decision-making process, the 
likelihood of attempting an initiation and/or being followed and the spatial position during 
single-file progressions. There are several examples: olive baboon females with offspring and 
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the oldest female yellow baboon were influencing group departures initiated by the male 
(Ransom, 1981; Norton, 1986), individual temperament and personality may play a role in the 
coordination process of chacma baboons (Bonnell et al., 2017) and sick, older or late pregnant 
yellow baboons were reported to progress in rear positions (Rhine and Westlund, 1981; Collins, 
1984).   
 
4.6.1. Methodological considerations 
Given the potential impact of environmental factors on group coordination, comparisons of 
captive and wild groups have to be treated with caution.  While studies on captive groups can 
offer advantages for studying the underlying mechanisms and the processes of group 
coordination in greater details, they may lack external validity (Pyritz et al., 2010). Studies in 
natural conditions may not capture the complete picture either. For example, the presence of 
human observers is usually discouraging predators (Kummer, 1968b; Busse, 1980; personal 
experience) and thus it can modify an important influencing factor of group coordination. In 
addition, the variability in the procedures of data collection and data analyses is a general issue 
that is limiting comparability in many topics. Group coordination is not an exception. For 
example, the order of progression of yellow baboons first revealed a certain pattern (Rhine, 
1975), then denied (Altmann, 1979) and subsequently confirmed (Rhine and Westlund, 1981), 
because of differences in the analyses. Also, among the mentioned studies, confronting and 
discussing together the outcomes of researches based on traditional observational data 
collection with those based on simultaneous individual GPS data is troublesome despite the 
conclusions touch the same topics (e.g., Stueckle and Zinner, 2008; Strandburg-Peshkin et al., 
2015). 
 
4.7. Complexity of the study of group coordination 
All the points that have been discussed so far propound the complexity in describing the 
patterns and understanding the processes of group coordination. Group movements are a 
multifaceted subject. Numerous studies were short‐termed and focused on single aspects of 
group coordination during collective movements (e.g., Rhine, 1975; Stueckle and Zinner, 2008; 
Strandburg-Peshkin et al., 2015). As shown, studies focusing on the initiation attempts of group 
departures may misinterpret the coordination process when they do not explore 
communication behaviours during pre-departure and departure (e.g., mountain gorillas, Stewart 
 92 
 
and Harcourt, 1994; Watts, 2000; content 1.4.1.1.). Also, an analysis of the initiation attempts in 
hamadryas baboons by itself would have revealed a major influence on timing and direction of 
group departures of younger adult males. Instead, a more thorough investigation of the group 
departure and pre-departure process suggested a major role of older adult males on the 
consensus decision outcome, despite them following the attempts of younger adult males. 
Broadly speaking, collective movements rely on several interacting behavioural processes 
underlying information transfer, initiation attempt, followership or spatial positioning. The 
processes are informative about how group members coordinate, but they can be difficult to 
identify. Establishing the quality of the decision-making process on a spectrum from equally 
shared to unshared is only a part of the description of a group coordination process. 
Understanding how group members negotiate, when they decide, who between them 
influences the outcome and why it does so is equally crucial.  
 Further, all these aspects of group coordination strongly intertwine with social, 
environmental, physiological, personality-related and practical determinants (content 4.5., 4.6.). 
Not only, these species- and context-specific factors are also likely to covary. For example, a 
social factor such as dominance rank in chacma baboons appears to have variable impact 
depending on the distribution of food resources (King et al., 2008; King et al., 2011; Stueckle and 
Zinner, 2008). Given such a number of potentially influencing factors, it is not surprising that the 
coordination during group movements is a highly flexible process and that it is demanding to 
discern recurrent patterns. The identification of the respective most important variables and the 
comprehension of their relative importance remain therefore difficult. 
An additional complication concerns the operational definitions for data collection. For 
instance, despite a good set of defining parameters, probably group departures are not all 
equally relevant for the fitness of group members. One can imagine that often there is no need 
for individuals to put much effort in consensus decision-making and group coordination. The 
differences in the group departure process found between Guinea and hamadryas baboons may 
be due to a difference in the kind of group departures analysed, as discussed before (contents 
4.3., 4.5.1.). If, as in the case of baboons, at least all adult members of the group know their 
home-range very well, and if they can find food going both left or right, or leaving now or five 
minutes later, it remains questionable whether the selective pressure on making optimal 
decisions is as strong as usually assumed when studying group coordination. Setting parameters 
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to systematically distinguish between more and less relevant group departures is at least 
challenging. 
 
4.8. Future research 
As of today, studies on group coordination have generally investigated what patterns of group 
cohesion and group decision-making are functional for group stability and the survival of group 
members. So far, studies have usually revealed only major processes regarding one or few 
aspects of group coordination. The systematic investigation of similarities and differences in 
interspecific comparisons promises new insights into the principles that underlie consensus 
decision processes and individual spatial positioning within animal groups and in general into 
how group coordination arises. A complete comparative approach requires analogous studies on 
different species. However, the large number of species- and context-specific influencing factors 
will continue to present unexplained variability and singularities which hamper successful 
integrations. A comparative perspective on closely related species can restrain the influencing 
factors and facilitate meaningful syntheses. In particular, baboon species can be considered 
good models for the investigation of the determinants of group coordination processes. Despite 
a close genetic relatedness, they adapted to a wide variety of habitats and developed social 
characteristics differing in many aspects, i.e. organization, structure and mating system (content 
1.3.). Baboons are also chosen as analogous models for hominin evolution mainly due to a 
largely terrestrial life and their adaptation to habitats similar to those where our ancestors lived. 
A specific interest on multilevel social organizations offers the possibility to unravel the 
coordination process at different social levels with potential parallelisms with the multilevel 
societies of Homo sp. Thus, Papio species as subjects of research on group coordination can 
offer insights into at least the basic patterns and influencing factors characterizing the group 
coordination processes of early hominins. 
Disentangling the relative importance of numerous potential influencing variables 
requires large datasets. Data collections should be precise and consistent with potentially 
influencing variables such as day time, season or environmental conditions, as far as practicable. 
It should also follow comparable parameters, e.g., the distances and the timings of operational 
definitions, a distinction between morning group departures and “on-the-way” group 
departures. When possible, researchers should prefer to collect a large amount of data on a low 
number of subject groups to reduce intrinsic variability between individuals and groups which 
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negatively impacts the power of statistical models. Frequencies of behaviours during the context 
of interest often require a comparison with the frequencies of the same behaviours in other 
contexts. On top of this, in the field of group coordination, theoretical definitions still present a 
large variation, which restrains comparability and synthesis between studies. 
Other observational approaches can provide interesting insights too. Experimental 
studies can prove the flexibility of the group coordination process according to a variation of 
potential influencing factors (e.g., food provisioning in wild chacma baboons, King et al., 2011). 
The advances in GPS and remote sensing technologies offer the chance of simultaneously 
tracking many individuals and their predators. High resolution habitat mapping can improve our 
understanding of group movement choices through the visualization of group movements 
among food and water resources, physical obstacles and shelters. These new methods will 
certainly lead to larger and more detailed datasets with a higher spatial and temporal 
resolution. The automated data collection by sensors and the following analyses automated by 
algorithms can speed up the study protocol. The new procedures can also detect finer-scale 
movement decisions. However, such data collections are constrained by battery power, they 
require invasive procedures to apply the devices and they lack the capacity of collecting a range 
of ecological occurrences (e.g., predator detection) and individual behaviours (e.g., 
communicative means) that may be crucial properties of the group coordination process. 
Therefore, the most complete depiction of how a subject group coordinate would 
require habitat mapping, individual GPS tracking and more traditional systematic and 
quantitative observational methods. In addition, quite dated studies proved their validity over 
time and the importance of anecdotal observations to fully capture dynamics of group 
coordination. The description of the morning departures of hamadryas baboons (as maybe the 
anecdotal reports of this study, content 3.1.4.) reveals details of how group coordination 
emerges that are very complex to detect with today’s quantitative approach. Therefore, I 
suggest that a complete research on such a complex topic would benefit also from descriptions 
of anecdotal observations (Strum, 2012). 
To find out more on how ecological and social factors affect group coordination, 
experiments would be necessary. Since experimental approaches in the context of group 
movements are difficult with wild animals, it is particularly challenging to find clear evidence for 
the impact of certain factors on group coordination processes. A possible alternative might be to 
run simulations in agent-based models, where potential factors affecting the process of group 
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coordination can be manipulated. Such approaches have to be based on the empirical data 
available from filed studies, such as this one on Guinea baboons. Simulations can help to test 
hypotheses derived from field work but also to develop further hypotheses which can then be 
tested in the field. The variation of potentially influencing factors in a simulation allows 
investigating the effects of these factors on the coordination process and the impacts of certain 
group coordination patterns on the fitness of group members (e.g., Seller et al., 2007; Sueur et 
al., 2009; King et al., 2011; Mann, 2018; Sueur et al., 2011). 
 
4.9. Conclusion 
In my study, I described and analysed some of the processes and patterns characterizing 
collective movements in Guinea baboons. The results contribute to a broader picture of 
collective movements in baboons, in particular in a multilevel society. Moreover, my study 
elucidates the social determinants impacting group coordination through comparing baboon 
species. 
The results revealed that only adult Guinea baboons initiated group departures and 
males did so more frequently than females. During departure, the individuals did not show 
persistent usage of the communicative means usually considered as informative to coordinate 
the group in other species. Similar general patterns have been reported in other baboon 
species, despite consistent differences in social systems and habitats. A description of two 
morning departures presents particular similarities with the departure process described for the 
only other baboons living in a multilevel society, the hamadryas baboons. 
When a party was moving in a single-file progression, Guinea baboons did not recur in 
appointed places from the beginning until the end of the progression. The individuals 
occasionally occupied all positions of the order. Nevertheless, I found evidence of non-random 
individual distribution. Adult females and young individuals appeared more frequently than 
adult males in the centre of the group. Adult males preferentially occupied front positions and, 
to a lesser extent, rear positions. In addition, non-primary males occupied consistently the 
extreme positions of the single file (front and rear), whereas primary males were significantly 
closer to the centre of the group. All investigated baboon species conform to this or similar 
positioning patterns within the progression order. 
During both group departures and group progressions of Guinea baboons, members of 
the same units tended to keep spatial cohesiveness within the party. Similarly, in hamadryas 
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baboons, adult females stay in the proximity of their “leader” male throughout the day and, also 
in COKY baboons, individuals generally seem to keep proximity to those which they are more 
affiliated to. 
Under a comparative perspective, the findings on group coordination in baboons show 
substantial consistency across species and studies. The social characteristics that seem to most 
influence the coordination of baboon group movements are characteristics shared across 
species, such as adult male dominance over the other group members or predominant maternal 
care of the offspring. It appears more controversial the effect on group coordination of those 
social aspects which differ between species, such as the presence of multiple levels in the social 
organization, or the overall tolerance of the social structure. For instance, Guinea baboon 
females can initiate group departures whereas hamadryas baboon females most likely cannot. 
This difference may be due to the higher social tolerance of Guinea baboon males towards 
females, or it may be a consequence of considering different group departures, morning 
departure, as in hamadryas baboons, versus departures from stationary states during day 
journeys, as in Guinea baboons. Another example concerns the cohesiveness of the members of 
the same unit within the party, which can be the outcome of the process of following the closest 
affiliated individuals that has been reported in unilevel societies. 
More broadly, my results and the comparisons with other studies that I discussed 
suggest that sexual dimorphism, predation pressure and food availability (distribution of food in 
space and time) are the main factors affecting the processes and patterns of group coordination. 
Since there is evidence of this across baboon species, these are most probably general factors 
already present in the common ancestor of the extant baboon species. Group coordination has 
a strong impact on the stability of the group and the survival (fitness) of its members, so it is 
possible to assume that some selection pressure has shaped the various processes of group 
coordination. Thus, the underlying mechanisms of group coordination are most likely strongly 
rooted in the species capacity to cope with diverse environments. 
However, my study and the results of studies on primate group coordination processes 
in general showed the several empirical and theoretical complexities of this field of research. 
Group movements are a multifaceted subject as they consist of group departures, 
communication, group progressions, small-scale movements and maybe more aspects. These 
aspects are probably affected by social, environmental, physiological and personality-related 
factors, which may not only act influencing the coordination processes but also interacting with 
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others. The complexity of the field is also reflected by the need of consistency in the 
terminology and operational definitions (e.g., Pyritz et al., 2011b). Moreover, biological centred 
studies of group movement usually assume fitness relevance and a strong selective pressure on 
making optimal decisions. Nevertheless, the adaptive value was rarely shown and the direction 
and timing of group movements may also be irrelevant for the individual. 
To confront these issues, I suggest incorporating as many aspects of group movements 
as possible in future studies, which should follow analogous protocols on different species. The 
focus on closely related species could reduce the number of potentially influencing factors. 
Ideally the studies should integrate multiple approaches. Empirical evidence should be collected 
on longer scale movements, as in more traditional studies, and on smaller scale movements, 
with automated data collections (e.g., remote sensing, GPS). When possible, experimental 
approaches should be applied to control potentially influencing factors on group coordination. 
Also, the inclusion of anecdotal observations can be meaningful. The collected empirical 
evidence could then help to simulate group coordination during collective movements in agent-
based models. A coordination of the empirical and theoretical approaches could lead to the 
refinement or development of hypotheses. Finally, researchers drawing conclusions should also 
keep a very critical view on the assumptions about the relevance of group movements for the 
individual fitness. 
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